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EXECUTIVE SUMMARY

Formation
[bookmark: _Hlk137897873]Manchester’s Select Board commissioned the Water Resource Protection Task Force (WRPTF or “Task Force”) in December 2021 at the urging of the Conservation Commission and based on a proposal authored by Con Com Chair Steve Gang.
The proposal noted that the Town is blessed with adequate supplies of drinking water but lacks a long-term strategy for maintaining its quantity and quality over the next 50 years. Complicating that situation, no single Board, Commission or Department has responsibility for the long-term quantity and quality of our drinking water:
· DPW focuses on operation and maintenance of our water infrastructure, and on meeting our reporting requirements;
· BOH focuses on septic systems and other pollution point sources;
· Con Comm conditions permits to limit contaminants in our wetlands;
· SB sets water rates annually and grants occasional refunds.
The proposal referenced a comprehensive study in 1989-90 by Horsley Witten Hegemann which analyzed our water resources, watersheds, contaminants and infrastructure. These consultants delivered a “Water Resources Protection Plan” to the Town in June 1990 (see Appendix), which included 60+ pages of specific recommendations regarding zoning protections (which were enacted in 1990), health regulations, wetland protection, regional collaboration and ongoing citizen involvement via a standing Water Resource Protection Committee reporting to the Select Board and the Town. This Committee was formed in 1989 but became inactive by 1993.
Rather than reconstitute the Water Resource Protection Committee, the Select Board determined in December 2021 that a project-based Task Force pick up where the 1990 work left off. The Task Force was instructed to complete its work and report back within 18 months. This document contains an Executive Summary and Details of the Task Force’s Findings and Recommendations, along with some important supporting documents in an Appendix. 
Mission & Objectives
[bookmark: _Hlk137897890]The December 2021 proposal to the Select Board set an overall objective:
“Define a vision for Manchester’s drinking water quantity and quality over the next five decades and recommend how the Town should mobilize to get there.”
Four specific deliverables were assigned by the Select Board to the Task Force:
1. Updates on the problems and opportunities identified in the 1990 Report 
(e.g., climate change and new contaminants),
2. Priorities among those problems and opportunities,
3. Specific next steps including changes in Bylaws and Regulations, expenditures, organizational change and more-detailed study,
4. Alternatives for responsibility and accountability.

Members, Staff & Budget
The Task Force was formed in January and February 2022 with citizens and representatives of relevant Town boards and commissions.  Members and Alternates included:
· Steve Gang, Chair (Conservation Commission)
· John Round (Select Board)
· Ann Harrison (Select Board Alternate)
· Ron Mastrogiacomo (Planning Board)
· Sarah Creighton (Planning Board Alternate)
· Peter Colarusso (Board of Health)
· Helen Bethell (Open Space and Recreation Committee)
· Olga Hayes (Open Space & Recreation Alternate)
· Jessica Lamothe (Stream Team)
· Francie Caudill (Stream Team Alternate))
· David Lumsden (Conservation Commission)
· Mike Carvalho (At-Large)
· Jeff Cochand (At-Large)
· Tom Kehoe (At-Large)
· Ron Parker (At-Large)
· Gordon Turner (At-Large)
· Ashley Ochs (Conservation Commission – resigned in May 2022)
Other citizens lent their time for work and attended most if not all meetings: Randi Augustine, Fred Wales, Joe Sabella and others. The Task Force was provided seed money for FY 2022, part-time staff support from Sue Croft, Grants/Special Projects Coordinator along with an $80,000 budget approved for FY 2023 by the Annual Town Meeting (ATM) in April 2022 to hire expert consultants including Scott Horsley who authored the 1990 Report.
Organization & Workplans
[bookmark: _Hlk137897943]After informal discussions early last year, the Task Force held its first public meeting under the Open Meeting Law on February 16, 2022. Work began with orientation and data collection, including: 
1. Interviews with and introductory presentations by Chuck Dam, DPW Director, Nate Desrosiers, Town Engineer, and Scott Horsley, geohydrologist and author of the 1990 Water Resources Protection Plan.
2. Tours of the Water Treatment Plant (WTP), the Lincoln Street Well (LSW) and its treatment building, and a hike around Gravelly Pond.
3. Assembling a bibliography, online resource library and background reading package for Task Force members.
4. Adding a page to the Town website.
5. Requesting 10 years of billing and usage records from DPW’s Water Division (props to Sue Taylor!)
6. Reviewing ongoing development within our watersheds, including proposed luxury cluster housing at 133 Essex Street and paving of Chebacco Road (both within Hamilton). Also held an introductory meeting with leadership at Gordon College.
7. Establishing contact with regional leaders and organizations, including Senator Bruce Tarr and his North Shore Water Resiliency Task Force, Chebacco Lake Watershed, Ipswich River Watershed Assn, PIE Collaborative, and Merrimac Valley Planning.
8. Clarification from Town Clerk that all Task Force meetings must be public meetings with proper notice, agenda and minutes.
In its initial meetings during February and March 2022 the Task Force identified 14 Key Questions and organized into 6 Working Teams to collect and analyze the data needed to answer these Key Questions:
1.	How much water are we using?
2.	How much water are we losing?
3.	What are the primary impacts of climate change on our water supply & demand?
4.	How is the Town acting to manage water demand?
5.	How is the Town acting to manage our water supply?
6.	How are neighboring towns managing their water supply and demand?
7.	What are some best demonstrated practices nationally?
8.	How dangerous are contaminants in our drinking water, including PFAs, chloromethanes and halomethanes, bromo- and chloroacetic acids, radium and other radioactive compounds?
9.	What’s the same and what’s changed since the 1990 Horsley-Witten Report?
10.	What are the relevant laws and regulations pertaining to our drinking water at the State and Federal levels?
[bookmark: _Hlk137897998]
11.	How exactly do we treat our drinking water today?
12.	What are our citizens’ attitudes and concerns about drinking water?
13.	What are our options for increasing the quantity of our drinking water?
14.	What are our options for better protecting our drinking water quality?



SIX WORKING TEAMS – Members, Focus, Key Questions to Tackle
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Experts
The Task Force obtained a proposal from Scott Horsley for consulting and advisory work (see Appendices). In the course of its work, the Task Force also engaged Danna Truslow, geohydrologist, and Raftelis, specialists in setting water and sewer rates.



SUMMARY OF KEY FINDINGS
1. [bookmark: _Hlk137898090]Of the 24 specific recommendations from the 1990 Horsley-Witten Hegemann Report, 5 have been fully implemented, 5 have not been implemented, and 14 have made progress (and most are included in our Recommendations).
2. Our town is fortunate to have exceptional management of DPW.
3. Manchester’s usage rates for drinking water are among the highest of all towns and cities in Massachusetts, because of:
· Excessive usage by a minority of households, mainly for summer watering; 
· Loss of drinking water from leaky water mains and heavy usage in our Wastewater Treatment Plant (WWTP).
4. Manchester’s water rates are not promoting conservation of drinking water nor are they covering the full costs of providing clean safe water in ample quantities.
5. Contamination in our LSW from PFAS and NaCl pose immediate threats to Manchester residents.
6. Water from our LSW must be filtered to remove PFAS in the very near future, based on the EPA’s new drinking water standards announced in March 2023.
7. At least three different strategies are available for remediating PFAS contamination in the LSW and ensuring continued good supply:
A. Construct filtration facilities at the LSW site, replacing the existing treatment building.
B. Pipe raw water from the LSW to the WTP for centralized filtration and distribution, with the option to pipe finished water back to the LSW site for distribution or to find another way to increase water pressure for outlying eastern and western sections of Town.
C. Rebuild the tubular well field (Round Pond Well #2) under a revised withdrawal permit (no increment) while retiring LSW.
8. Our reservoir (Gravelly Pond) is fed mainly by groundwater, primarily flowing from the east – creating a significant threat of contamination from Hamilton’s nearby capped landfill, as well as potential threats from Manchester’s landfill.
9. Our reservoir, feeder well and watershed in Hamilton, Wenham and Essex are imperiled by road construction and planned/future private development.
10. Although replacement has recently increased, Manchester is far behind the curve in replacing ancient public water pipes.
11. Our water meters are past their useful life and most likely under-reporting usage.
12. Our town is not collaborating on watershed protection with our neighbors in Hamilton, Essex, Wenham and Gordon College.
13. Our current organizational structure (DPW operating and maintaining the drinking water system, Select Board acting as Water Commissioners to set rates and allow refunds) is insufficient to ensure long-term quality and quantity of drinking water.

SUMMARY OF KEY RECOMMENDATIONS
1. [bookmark: _Hlk137898111]Create ongoing responsibility and accountability within Town Government for preserving the quality and quantity of Manchester’s drinking water, by either:
A. Creating a new Water Advisory Board of 3 members appointed by the Select Board with staggered three-year terms, budget and part-time staff support, OR
B. Delegating to the Sustainability Committee, including 3 members focused on Town drinking water, with budget and part-time staff support.
2. Change water rates to encourage conservation.
A. Change water rates to reflect overall need to conserve, based on analysis and modeling initiated by the Task Force. Design several phases of changed/increased rates to coincide with citizen education and awareness of water conservation (see table below). Emphasize households and businesses using largest amounts of drinking water in summer months especially during droughts.
B. Enact specific new rates recommended for 7/1/23 (FY 2024):
i. Reduce to 4 tiers from current 6 tiers;
ii. Significantly increase the rate differentials between lower and higher tiers;
iii. Implement rate changes gradually, beginning July 1, 2023 with a first phase of higher increment block rates (roughly doubling existing rates for top two tiers);
iv. Inform likely top two tier households ahead of time;
v. Track any changes in usage and monitor reactions carefully, using new digital smart meters (as available).
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3. [bookmark: _Hlk137898140]Increase conservation awareness & education.
A. Step up water conservation education and awareness efforts throughout the Town. Utilize Greenscapes North Shore Coalition and other existing providers for materials and training. Target households and businesses using the largest amounts of drinking water per capita.
4. Devote more time and money to protecting our watershed especially for Gravelly and Round Ponds and the feeder wells.
A. Set long-term objectives for purchasing land or getting Conservation Restrictions to protect these drinking water sources. Requires collaboration with neighboring towns, with Gordon College and with land preservation non-profits such as MECT and TTOR.
5. Assess potential for reopening our Round Pond Well #2 (abandoned tubular well field further from landfill and development).
6. Support consideration of at least three alternatives for remediating PFAS (and NaCl) contamination of LSW by working with DPW and its consultant to model outcomes, capital & operating costs, risks and long-term strategic effects of:
A. Constructing new filtration facilities at the LSW site, replacing the existing treatment building.
B. Piping raw water from the LSW to the WTP for centralized filtration and distribution.
i. Including options to pipe finished water back to the LSW site for distribution or to provide increased water pressure for outlying eastern and western sections of Town.
C. Rebuild the tubular well field (Round Pond Well #2) under a new withdrawal permit while retiring the LSW.
7. If LSW continues to provide drinking water (with remediation), ensure that this critical well is better protected from road salt, stormwater run-off from lawn chemicals and artificial turf, underground storage tanks, and water imported during droughts.
8. Install monitoring wells for Gravelly Pond and feeder well(s).
A. Install 2-3 monitoring wells around Gravelly Pond to detect contaminants and measure groundwater movement. Focus on potential for contamination from capped landfills near the Pond.
9. Revise Water Overlay Districts to follow updated groundwater and surface water contribution zones (“watershed”) in western Manchester.
A. Introduce Zoning Bylaw changes to reflect updated information about surface and groundwater sources for Gravelly Pond and Round Pond well(s) in 2024 ATM Warrant.
10. [bookmark: _Hlk137898151]Begin meaningful and constructive dialogue with elected officials in Hamilton, Essex and Wenham plus leadership at Gordon College and MECT about protecting the shared watershed and aquifers.
A. Emphasize the risks from capped landfills, increasing impervious surfaces and further development.
11. Accelerate replacement and upgrade of drinking water infrastructure, including new meters for all users and water main replacement.
A. For new water meters, choose two vendors and administer a 6-month pilot test of ultrasonic meters with digital real-time reporting and user smartphone apps. After the 6-month pilot test, authorize replacement of all water meters using a well-designed budget and timetable.
B. Increase annual capital expenditures to replace ancient and leaky water mains, utilizing the long-range plan and model for 5 and 10 years.
C. Move forward capital expenditures to repair the recycled water system at our Wastewater Treatment Plant.
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DETAILED FINDINGS: STATUS OF 1990 RECOMMENDATIONS
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DETAILED FINDINGS – USAGE & DEMAND

Working Team 1 updated Eli Boling’s 2017 analyses and report, using a comprehensive database from the Water Division containing account-level usage and billings for 2013-2022. These data were scrubbed and consolidated by property location, yielding approximately 1950 active residential users and 60 active commercial users. Besides providing rich analytical output, this database supported a model to predict household bills and Water Division revenues under various assumptions of water rates and household usage.
From analyzing 10 years of account-level usage by quarter, the Working Team confirmed Boling’s finding that “Manchester residents on average tend to use more water per capita than most other communities, and by a large margin.”
· This seminal finding remains true in 2023: we use far more drinking water per capita than any neighboring town (50% more than the neighboring-town average). We’re among the Top 10 heaviest users of drinking water among 287 Massachusetts towns and cities. We’re also 20%+ above the State standard maximum usage of 65 gallons per person per day.
· It is important to note that our average per capita usage conceals an enormous range: 26 gallons per person per day for the lightest 50% of accounts vs. 126 GPCPD for the heaviest 50% of accounts.
In addition, our 25% “unaccounted-for drinking water” is about twice the average of neighboring towns and far above the State’s 10% standard maximum. In this respect, we’re in the 15 worst-performing out of the 287 communities in the State.
· Combining UAW and per capita water usage, Manchester stands out as using or losing 75% more drinking water than neighboring towns’ average. We rank 8th worst among 287 Massachusetts towns and cities.
Third, this analysis also confirmed Boling’s finding that “Manchester’s water usage differs greatly from season to season, with summer months sporting vastly larger water usage than winter months, due to extensive use of finished water for irrigation.”
· This remains true in 2023: Manchester stands out in this respect as well. Our summer drinking water usage is more than twice (2.12) our winter usage. This “summer bump” is much greater than in neighboring towns, where summer use ranges from 1.4 to 1.65 times more than winter use.
Fourth, we confirmed Boling’s finding that “Water usage profile shows a sharp variance among customers. ~11% of water customers account for 50% of all water usage.”
· Sharp variance remains true in 2023: drinking water usage varies widely among Manchester households. Our analysis of residential usage over the past 10 years shows 16-17% of accounts consuming 50% of the drinking water.
· Put another way, ½ of accounts using the least drinking water consume less than 20% of the total, averaging 26,000 gallons per year. In contrast, the other ½ of accounts use over 80% of the total, averaging 123,000 gallons per year.
· These ratios and averages are consistent year-to-year for the past 10 years.
Finally, our 2023 analysis also found a strong correlation between summer increases in usage and the skewed distribution of users. In other words, the “summer bump” is also significantly skewed by size of account:
· The very biggest drinking water accounts use 4 times as much in summer as they do in winter, while the half of accounts using the least water consumer only 1.6 times as much in summer as in winter.
· This means that a small fraction of households are primarily responsible for the significant incremental use in summertime. In fact, just 125 heaviest-consuming households (totaling >25% of total usage) are responsible for nearly 60% of the incremental usage in summer.
· These 125 households use 27 million gallons more in summer than they do in winter, averaging about 225,000 gallons per household.
· For comparison, the smallest 1450 users (those using < 75,000 gallons per year) consumer just 5.2 million gallons more in summer than they do in winter, averaging about 3,700 gallons per household.
The following 16 slides contain these findings from Working Team 1 and were shared with the Select Board in February and March 2023 as updates from the Task Force.
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From all of these analyses, Working Team 1 identified a focus for conserving drinking water: 10-20% of households using the most drinking water, especially in summer. Importantly, this focus needs to be on residential usage of drinking water since only a few commercial accounts are among the heaviest water users.

The following 10 slides summarize the Task Force findings on the distribution and segmentation of households according to drinking water usage.
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Important Update to Usage Analysis: 
· In May 2023, near the end of the Task Force’s work, DPW discovered that a significant percentage of finished water (~10% in 2022) was being used at the Wastewater Treatment Plant in lieu of recycled water. Since it was used by the Town, this enormous account wasn’t being billed nor counted in the water reaching a meter. In fact, it was included in UAW. As a result, Manchester’s actual UAW for 2022 is at or below the State-mandated 10% of finished water.

DETAILED FINDINGS – SOURCES & SUPPLY

The Task Force commissioned pivotal work on Supply & Sources of Drinking Water which was done by Scott Horsley and his colleagues, in collaboration with Working Team 2 and the entire Task Force. Horsley and his team addressed two critical issues concerning water supply:
1. Identifying the sources that supply Gravelly Pond, Round Pond and the feeder well (RP #1);
2. Calculating the safe yield from Gravelly Pond.
Understanding the sources contributing to these critical surface waters and aquifer enabled the Task Force to recommend updates to the Overlay Protection District and other steps to protect these contributing areas. Recalculating Gravelly Pond’s safe yield is essential to planning long-term water supply in light of contamination threats and conservation possibilities.

1.  Sources for Gravelly Pond, Round Pond and the feeder well
Horsley’s final report of March 28, 2023 to the Task Force contained the following concerning Issue #1:

Hydrologic SettingFigure 1 - USGS Topographic Quadrangle 1893


[image: ]Gravelly Pond is part of a complex of lakes and vegetated wetlands that form the headwaters of the North Coastal Basin.  The lakes are hydrologically connected by groundwater and at times, surface water flows.  They are surrounded and underlain by glacial deposits including high-permeability sand and gravel (stratified drift deposits) and less permeable glacial till and swamp deposits.

A series of historical topographic maps prepared by the United States Geological Survey (USGS) illustrate the hydrology over time (see figures 1-3).  The 1893 USGS map shows surface water connections from Coys Pond and Beck Pond to Round Pond and Round Pond to Chebacco Lake.  Gravelly Pond (identified as Gravel Pond) shows no surface water connections to the other ponds.  However, the topography indicates a northerly gradient towards Chebacco Lake.  This is illustrated by the elevation contour that nearly circles the pond to the east, south, and west.

[image: ]The 1956 USGS map provides elevations for the four ponds and places Round and Gravelly Pond at 44 feet elevation and Beck and Chebacco at 43 feet.  This suggests a northern hydraulic gradient.  The map also shows surface water connections between Coy, Round, and Chebacco but less clear connections between Beck, Round, and Gravelly.

Figure 2 - USGS Topographic Quadrangle 1956














[image: ]The most recent 1985 USGS map shows the surface water connections between all the ponds, except Beck Pond which is less clear and indicates a wetland connection rather than a stream.  A surface water connection between Gravelly and Round ponds is shown.



Figure 3 - USGS Topographic Quadrangle 1985
Delineation of Water Supply Protection Areas

Water inputs to Gravelly Pond include direct precipitation, overland surface runoff, and groundwater discharge.  Areas that contribute overland runoff are delineated by surface topography with flow from higher elevations towards the pond.

Groundwater flow is more difficult to determine and is ideally best understood with water table maps showing relative elevations of groundwater compared to the lake surface.  Groundwater flow directions and velocity is variable depending on the permeability of the soils and withdrawals from the pond and pumping of nearby wells which modify the hydraulic gradient or slope of the water table.

Water table mapping is provided at the two municipal landfills on the eastern side of Gravelly Pond.  A series of monitoring wells provide groundwater elevations and groundwater flow directions.  Water table mapping at the Hamilton landfills shows a westerly gradient and flow direction towards Gravelly Pond (CDM, 2022).  Groundwater flow directions at the Manchester landfill were identified as flowing northeasterly away from the landfill (CMA, 2022).

[image: ]Groundwater contributions to Gravelly Pond have been further characterized by two recent field surveys conducted by Truslow Consulting (2022 and 2023).  These have included thermal measurements in shallow wells along the shoreline and a more recent aerial infrared survey.  (See Appendices.)  Both studies have identified groundwater contributions associated with the high-permeability sand and gravel deposits that surround the pond.

In accordance with the Massachusetts Drinking Water Regulations (310 CMR 22.02) we have delineated the watershed drainage area to Gravelly Pond (see Figure 4).  Those regulations state, “Watershed means the area contained within geomorphic or topographic boundaries of higher elevations which cause Surface Water and/or Groundwater to drain or flow to lower elevations into water used as a Public Water System source.”Figure 4 - Watershed to Gravelly Pond (source: Kwan, 2022)




As water is extracted from Gravelly Pond and its water surface elevation is lowered this creates a hydraulic gradient (water table slope) towards the pond from the surrounding groundwater and induces increased groundwater discharge.  This is evident in the water table mapping at the Hamilton landfill and the thermal survey work. See Figure below.  It indicates that the adjacent sand and gravel deposits can contribute groundwater to Gravelly Pond and are part of the watershed based upon the “geomorphic features”.  Furthermore, the delineated watershed includes those adjacent glacial till areas that contribute surface water drainage into the sand and gravel deposits.  
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Figure 4A.  Findings from thermal imaging studies (source: Danna Truslow, 2022-23)
[image: ]Given the potential hydrologic connection to Round Pond when significant volumes of water are extracted from Gravelly Pond it is reasonable to assume that a hydraulic gradient can develop and Round Pond will contribute to Gravelly Pond via groundwater and/or surface water connections.  Therefore, I have included Round Pond within the Gravelly Pond watershed.  Similarly, as water is withdrawn from Round Pond Well #1 hydraulic gradients and groundwater flow directions will change (see Figure 5).


Figure 5 - Groundwater Flow Conditions Influenced by Pumping Well at Gravelly Pond








A more detailed breakdown of the watershed areas is defined by the Massachusetts Drinking Water Regulations and includes:
· Zone A is defined as the land area within the watershed and a 400-foot lateral distance from the pond, and
· Zone B is the land area within the watershed beyond the 400-foot Zone A but within 0.5 miles from the pond.

Gravelly Pond receives input from the Round Pond Well #1.  Therefore, we have included the wellhead protection areas associated with Round Pond wellfield as identified in the Massachusetts Drinking Water Regulations (see figure 6).  These include:
· Zone I includes a 400-foot protective radius around Round Pond Well #1 and a 250-foot protective radius around Round Pond Well #2.  (This is a tubular wellfield that was abandoned by the town but was included in the Zone 2 delineation prepared by CDM.)  The various size radii are calculated based upon the pumping rates of the two wells.
· Zone 2 is that area of an aquifer that contributes groundwater to the well under the most severe pumping and recharge conditions that can be realistically anticipated (180 days of pumping at approved yield, with no recharge from precipitation). It is bounded by the groundwater divides that result from pumping the well and by the contact of the aquifer with less permeable materials such as glacial till or bedrock.
· Zone 3 is the adjacent upland areas comprised of less permeable materials such as glacial till and bedrock that contribute to the Zone 2 areas.

2.  Safe Yield of Gravelly Pond
Using water levels, precipitation, pumping rates and withdrawals, Horsley was able to calculate the safe yield of Gravelly Pond. Here are his findings on the second critical issue:
To determine the volume and rates of water that enters Gravelly Pond we have prepared an average annual hydrologic budget.  The budget includes three sources of water:  1) direct precipitation, 2) surface runoff, and 3) groundwater inflows.  
A prior analysis by Tata and Howard provided preliminary estimates of the “safe yield” associated with Gravelly Pond.  Safe yield is defined as the amount of water that can be extracted from a water supply source on a long-term basis.  This analysis indicated an estimated safe yield of 0.24 million gallons per day (MGD).  However, the report indicated that the modeling approach was not ideal for this type of a hydrogeologic setting that includes both groundwater and surface water sources.
Annual precipitation in the area of Gravelly Pond is estimated at 47 inches per year (Marine Biological Laboratory, 2006).  Approximately 45% (21 inches/year) of this is lost and returned to the atmosphere as evapotranspiration or ET (the combination of evaporation and transpiration by plants).  The remaining net precipitation (26 inches/year) flows to the pond through the watershed as either overland flow (runoff) or infiltrates and recharges the groundwater and subsequently discharges to the pond subsurface.  
The partitioning of the net precipitation as surface runoff or groundwater is largely dependent upon the surficial geologic deposits and their permeability (ability to transmit water).  The timing associated with surface runoff reaching the pond (hours) is vastly different from groundwater flow (months to years).
The most permeable materials in the watershed are sand and gravel deposits.  Annual groundwater recharge rates are estimated at 25 inches/year (Horsley Witten Group, Inc. 2008).  These areas provide minimal surface runoff estimated at 1 inch/year.  Glacial till deposits are significantly less permeable with annual recharge rates estimated at 10 inches/year and surface runoff at 16 inches/year (Horsley Witten Group, Inc. 2008).  Swamp deposits and wetlands have significantly higher evapotranspiration (ET) rates that approach the annual precipitation rates and contribute less runoff and recharge as a result.  For these water budget calculations net precipitation from wetlands is estimated at zero.
Tables 1 provides the water budget for Gravelly Pond.  This budget is calculated using annual average precipitation, evapotranspiration (ET), surface runoff, and groundwater recharge rates as described above.  The results indicate a range of average water inputs of 0.72 million gallons/day (MGD). 
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Table 1 - Hydrologic Budget for Gravelly Pond

The water budget represents an approximation of an upper limit of the safe yield of the reservoir.  Long term withdrawal rates above these inputs will result in “water mining” and significant water level declines and depletion of available resources.

Another approach to estimating the safe yield of the reservoir can be made by examining historical withdrawal rates relative to water levels.  The 2018 Tata and Howard study examined historical data and concluded, “without any outside contribution, Gravelly Pond historically has been able to sustain a yield of approximately 0.46 MGD through precipitation and groundwater contribution alone” (Tata and Howard, 2018, page 9).

Existing Strategies for Water Supply Protection
Horsley reviewed existing regulations and policies in Manchester, Hamilton and Wenham, which share jurisdiction over the watershed for Gravelly and Round Ponds and the associated aquifer. Here are his findings:
The long-term protection of Gravelly Pond and the Round Pond wells will rely primarily upon actions and stewardship from the three towns and property owners that comprise the watershed and wellhead protection areas – Hamilton, Manchester, and Wenham.   Protection strategies can include prohibition or restrictions of land uses and activities that are deemed to pose significant contamination risks.  
The Massachusetts Drinking Water Regulations (310 CMR 22.00) provide a list of prohibited land uses that are deemed to be not suitable within the various drinking water protection areas (see Table 2).  This list includes land uses with higher wastewater disposal rates that will result in nitrate-nitrogen concentrations greater than 5 mg/liter.  The state and federal drinking water standard for nitrate-nitrogen is 10 mg/liter and is based upon short-term, acute exposure (methemoglobinemia in babies).  Elevated concentrations higher than 5 mg/liter are deemed to be indicative of other wastewater-derived pollutants including contaminants of emerging concern (CECs) and may contribute to chronic health issues including cancer.
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Table 2 – Prohibited Land Uses (MA Drinking Water Regulations (310 CMR 22.00)
In that public water suppliers have limited regulatory authority themselves they must rely upon municipalities within the contributing areas (surface watersheds and wellhead protection areas) to enact and enforce protective land use codes.  In this case this would require actions and stewardship by Hamilton, Manchester, Wenham, and to a limited degree Essex.  Towns can adopt more restrictive regulations than the land use prohibitions cited in the MA Drinking Water Regulations.  
Hamilton:  I have reviewed Hamilton’s Groundwater Protection Overlay District (Section 9.0 of their Zoning Bylaw) and find that it contains most of the MADEP recommended restrictions.  However, their intended density limitation was written as a minimum lot size of 80,000 square feet.  The intent of the regulation was that the wastewater discharge from each residence would be diluted by 60,000 square feet of recharge and be maintained at less than 5 mg/liter of nitrate-nitrogen.
· [Footnote: A four-bedroom single family home generates approximately 220 gallons per day of wastewater at an average concentration of 50 mg/liter (nitrogen) and diluted by 18 inches/year of recharge on a 80,000 square foot lot equals approximately 4.5 mg/liter nitrogen.  It should be noted that MADEP has historically used 35 mg/liter as a representative value for wastewater.  However, this value was derived from wastewater treatment plant influent measurements that are subject to dilution by inflow and infiltration (I&A).   Recent testing of actual septic system effluent by the Massachusetts Septic System Test Center (MSSTC) on Cape Cod indicates that actual concentrations of wastewater associated with on-site septic systems is 50 mg/liter or more.]
However, the Bylaw (Section 9.1.4) was worded as requiring a building lot must have a minimum lot size of 80,000 square feet.  It does not specify how many homes can be placed on a lot.  If the development is planned as a condominium basis with all development on one lot the nitrogen loading limitation is circumvented.  
This is the case with the proposed Village at Chebacco Hill, 133 Essex Road development.  The project proposal includes 50 residential units on 16.28 acres of upland.  This represents density of 14,183 square feet/residential unit. This exceeds the maximum density of one dwelling per 80,000 square feet by a factor of 5.6 times and will result in excessive nitrogen loading (and other associated wastewater pollutants).
The Hamilton landfill is a pre-existing, non-conforming land use.  It is clearly inconsistent with acceptable land uses within a drinking water protection area.  Groundwater monitoring data at the landfill indicates flow direction is towards Gravelly Pond.  Sampling results show 1,4-dioxane and arsenic in the groundwater (below MADEP reporting limits).  No analyses are reported for PFAS.
The proposed paving of Chebacco Road is inconsistent with the MADEP acceptable land uses as it exceeds the 2500 square foot of impervious surfaces threshold.  The project is likely to result in significantly increased level of service (vehicle trips) and increased pollutant loading (including metals, hydrocarbons, and nutrients) to Gravelly Pond.  The increased level of service will also raise the probability of vehicular accidents that can result in fuel spills and fire extinguishing compounds that may include PFAS.
Wenham:  The town of Wenham has promulgated health regulations that contain a similar list of the MADEP prohibited land uses.  Their density limitation (Section E) is states as, “each bedroom as defined by Title 5 for new construction and renovations to existing buildings shall have 10,000 square feet of contiguous buildable upland servicing the lot”.  This is approximately double the maximum density to ensure 5 mg/liter nitrate-nitrogen.
· [Footnote: Actual wastewater flows are estimated at 50% of Title 5 design flows (110 gallons/bedroom).  One bedroom is estimated to generate 55 gallons per day of wastewater at an average concentration of 50 mg/liter (nitrogen) and diluted by 18 inches/year of recharge on a 10,000 square foot area equals approximately 8.9 mg/liter nitrogen.]
According to local news reporting Gordon College is considering selling a parcel of land west of the Woodland parking lot to a developer for a senior housing development that may be within the Zone 3 area (per The Salem News, August 11, 2022).  This project should be evaluated for potential impacts to the drinking water supply.  If the project is planned under MGL Chapter 40B, the applicant can request waivers from local regulations.
Manchester:  The town of Manchester adopted a “Ground and Surface Water Resource Overlay Zoning District.  Similar to Hamilton and Hamilton, Manchester has included the list of prohibited land uses identified in the MA Drinking Water Regulations.  The area of jurisdiction is linked to the mapped areas identified in the 1990 Horsley Witten Hegemann report as stated below.
· 10.3.3  Ground and Surface Water Resource Overlay Protection District Maps: The maps delineating the Ground and Surface Water Resource Overlay Protection District, dated April, 1990, prepared by Horsley Witten Hegemann, Inc., Scale: 1 inch = 3,000 feet,” and the maps entitled “Water Resource Protection District, Town of Manchester, Scale: 1 inch = 800 feet,” dated 1987, prepared by Whitman and Howard, are incorporated herein and made a part of this By-Law and collectively shall be referred to as the “Ground and Surface Water Resource Overlay Protection District Maps.”
These mapped protection areas should be updated to incorporate the protection areas shown earlier in this report.
The bylaw includes density restrictions for Zone 2 and Zone 3 groundwater protection areas including a maximum of “one dwelling unit per 30,000 square feet provided that the nitrate-nitrogen concentrations…will not cause the average concentration of nitrate-nitrogen in groundwater recharged on the property to exceed five (5) milligrams per liter” (Section 10.3.6.3(d)).
The bylaw provides density restrictions for Zones A, B, and C for surface water protection areas by prohibiting “residential development on lots less than 80,000 square feet of land area” (Section 10.3.5.3(a)).  This is similar to the Hamilton bylaw in that the intended density limitation can be circumvented by a development that utilizes single lot, condominium ownership.

Other significant findings from Working Team 2 on Sources & Supply:
A get-acquainted discussion was held with leadership of Gordon College, including new President Michael Hammond, in March 2022 at the instigation of the Task Force. While the discussion was cordial, there was no progress toward collaboration on watershed protection involving land owned by Gordon and there were no follow-up meetings.
· As noted by Horsley above, Gordon reportedly agreed in August 2022 to sell a parcel of its land to a large national homebuilder (PulteGroup) for construction of housing for those over 55 years of age. The parcel is said to be located behind an existing parking lot off Grapevine Road in Wenham and abutting Coy Pond, which has a continuous hydrological connection to Round Pond. This parcel most likely lies within Zone 3 protecting Manchester’s Round Pond Well #1.  Details were not available, but President Mike Hammond said that while most of the college’s 475 acres are reserved for conservation, some smaller parcels have generated interest including a parcel in Manchester near Pine Street.
Also considered were possible interconnections with neighboring towns, which were found unlikely to provide Manchester with drinking water except in emergency situations. This includes our existing agreements and infrastructure for emergency supply from Gloucester and Beverly, plus any possible future interconnections with Hamilton, Essex or Wenham (none of which exist today).  The 2022 WMA-funded Report on Improving Water Supply Resiliency in Lower Ipswich River Watershed confirmed that more continuous operational connections with neighboring water systems are very unlikely to be approved, given the constraints on our sub-basin and the deficiencies in our UAW and per-capita water usage.
Specifically in reference to additional supply for the Town of Hamilton, this Report from Dewberry Associates said:
“For Manchester to fully supply Hamilton and possibly other partnering water systems on a permanent or partial regional basis, they will need a significant increase in their current registered withdrawals along with approval to transfer over 1 MGD of supply from one sub-basin to another. As noted in Section 2, this would be challenging and likely not realistic given that Manchester’s supplies are located within a sub-basin with a Level 5 biological category and a Level 4 Groundwater withdrawal category. … This means that the sub-basin is already depleted and suffering from significant environmental harm from water withdrawal, and that new permits in this sub-basin are unlikely without a solid plan and program in place to meet State stands of 10% UAW and 65 gpcd.”
Finally, the Task Force found that other towns in Massachusetts have put regulations in place empowering their Board of Health (BOH) to protect current and future sources of drinking water.  Local BOH draw their authority directly from the Mass Department of Health and DEP, independent of those towns’ Select Boards or Mayors.
The Task Force subsequently assisted Manchester BOH in drafting new regulations to provide these strengthened protections, working from drafts based on other towns’ existing Health Regulations. See the schematic summary below. These recommended regulations are presently under consideration and public review by Manchester’s BOH.
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Recommendations from Horsley and the geohydrological team:
The Gravelly Pond/Round Pond wellfield water supply sources are critical to the future public health of the inhabitants of the town of Manchester.  Currently, the mapped protection areas are relatively pristine with significant areas of naturally forested areas that provide inherent protection.  Future potential development projects within the watersheds increase the risks of drinking water contamination.
While we can reasonably predict some impacts such as nitrogen loading and regulate them with density limitations it is impossible to accurately assess the impacts of unknown, but contaminants of emerging concern (CECs).  PFAS is but one example of the types of pollutants that will threaten water supplies in the future.  Therefore, I recommend using the precautionary principle which can be characterized as “when an activity raises threats of harm to human health or the environment, precautionary measures should be taken even if some cause-and-effect relationships are not fully established scientifically”.  My recommendations are as follows.
Initiate meetings with Hamilton and Wenham to discuss common drinking water quality interests, review and amend existing regulations designed to protect water supplies, and review potential development projects with mapped protection areas.  Ideally, the three towns should establish an on-going working relationship to foster joint stewardship of the shared water resources.
Review potential/pending projects including the paving of Chebacco Road, the Village at Chebacco Hill, and Gordon College developments and discuss participation in regulatory/permitting processes.  In my opinion the ultimate impacts of these types of projects are often underestimated and are generally irreversible.  Manchester is a valid stakeholder in the review of these projects.
Update/revise Manchester regulations including the Zoning Overlay District and Health Regulations.  Potential revisions include protection area maps, density regulations (on-site wastewater), de-icing operations (including road salting), artificial turfgrass restrictions. See Figure on next page.
Install a monitoring well downgradient of the Hamilton landfill and analyze a broad range of constituents to provide Manchester an increased knowledge base about groundwater quality in this area that contributes to Gravelly Pond.  These data could provide both an early warning system and the basis for some discussions with Hamilton regarding potential future water treatment needs and cost-sharing.  
Evaluate the option of utilizing the Round Pond well(s) directly as a drinking water source.  This was recommended in the 2018 FIRM Yield Analysis report by Tata and Howard (page 19).  This water is currently discharged into Gravelly Pond and then pumped though the filtration plant.  The Zone 2 area associated with the Round Pond wellfield is largely undeveloped and may provide the highest quality source water available to the town.  The Round Pond Well #1 was permitted at 0.43 MGD by the MADEP.  Under this scenario Gravelly Pond could contribute to the Round Pond wellfield as induced infiltration (see figure 5C).   The induced infiltration would provide natural filtration by native soils prior to extraction at the wellhead.  Direct pumping from Gravelly Pond could be used to supplement the Round Pond wellfield source during periods of peak demand.  The Round Pond groundwater source would likely require some treatment at the filtration plant (possibly including iron and manganese removal).  
Re-evaluate the recommissioning of Round Pond Well #2. This well had a permitted pumping rate of 0.36 MGD and could supplement the Round Pond Well #1 source.  It shares the same Zone 2/3 protection areas and provides a highly protected source of water.
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RECOMMENDED Water Resource Protection Areas
Zone A – 400’ from reservoir
Zone B – watershed to reservoir (black line)
Zone 1 – 400’ to wells (yellow circles)
Zone 2 – groundwater flow to Round Pond well 
Zone 3 – watershed to Zone 2 (red line)
[image: ] Groundwater & Surface Watershed for Gravelly Pond (source: Horsley & Kwan, 2022)
HEAVY DASHED BLUE LINE = RECOMMENDED WATERSHED FOR GRAVELLY POND 
(based on groundwater analyses and thermal tests)

DETAILED FINDINGS – CLIMATE CHANGE
Working Team 3 focused on the impact of climate change on Manchester’s drinking water, current and potential. To accomplish this, members of the Working Team joined a contemporaneous 2022 project of the Town to conduct a climate change risk and resilience assessment. Representatives from EPA, NOAA and Mass DEP participated along with other volunteers and officials from Manchester. (Manchester had previously worked with EPA in 2015 on Coastal Resilience, using CREAT to assess the impact on our wastewater infrastructure and operations from potential flooding resulting from heavy precipitation events, coastal storm surge and sea level rise.)
This parallel project used the EPA Climate Resilience Evaluation and Awareness Tool (CREAT) to assess the vulnerabilities of Manchester’s drinking water infrastructure to climate stressors. Members of Task Force Working Team 3 on climate change participated in this CREAT assessment.
The project began by identifying the following current concerns:
1. Water Supply Management – Gravelly Pond is vulnerable to drought, and the Lincoln Street Well may be as well. This vulnerability, coupled with increased demand during summer months, may make it difficult to meet water demands especially in a hotter, drier climate scenario.
2. Peak Service Challenges – Seasonal demand increases may put additional stresses on the system, especially during a hotter, drier climate scenario.
3. Water Quality Degradation – The aquifer that the Lincoln Street Well draws from is vulnerable to saltwater intrusion. Gravelly Pond has iron and manganese levels that often? increase substantially after precipitation.  PFAS has not been found at elevated levels in either the aquifer or the well, but the Town is aware that this a potential problem. 
4. Natural Disasters – The Town is vulnerable to floods and ice storms.
5. Interdependent Sector Reliability – MBTS is interdependent with other sectors, and this could cause reliability problems related to power access and treatment chemicals.
6. Sea Level Rise – The Town is located directly on the coast, with the downtown very likely to be impacted by even modest sea level rise.
Using a 30-year timescale (2022-2052) and with technical assistance from EPA, MassDEP, and NOAA, MBTS used CREAT to develop a better understanding of the resilience of Town assets to projected changes in climate for that period. Once determined, the team worked to assess the performance of different mitigation strategies under a projected climate change scenario.
According to the Executive Summary of this project:
[From the six identified concerns] the CREAT assessment focused on two priority climate threats: 1) decreasing source water quantity due to drought, and 2) source water quality degradation due to saltwater intrusion into groundwater. The threats were explored under both historical baseline climate conditions as well as under a “Hotter and Drier Future” scenario. Throughout the analysis, MBTS considered how various climate factors could influence its ability to meet demand efficiently and effectively in the face of climate change. The priority assets identified for this exercise were Gravelly Pond and the associated Round Pond Well and water treatment plant (WTP), and the Lincoln Street Well and its associated aquifer.
To assess the potential impact climate change could have on these assets, monetary values were assigned to levels of economic consequences. MBTS chose to consider and monetize the following economic consequences categories: Utility Business Impacts to account for a possible decrease in revenue; Utility Equipment Damage to account for infrastructure damage and related expenses; Environmental Impacts to account for environmental damage or loss, aside from water resources, and the cost of compliance related to environmental regulations; and Source/Receiving Water Impacts to account for degradation of source water quality or loss of quantity, evaluated in terms of recurrence. MBTS used custom quantified estimates for each of the consequences categories. MBTS also chose to consider and monetize Total Regional Economic Consequences.
The CREAT model is relatively complicated and incorporates historical data and projections of temperature, precipitation, storm events, streamflow, sea level and floods. The specific variables chosen for this assessment were:
1. average annual temperature;
2. average temperature by month (June through September, as well as the month of January);
3. number of hot days over 90 °F (annual);
4. number of hot days over 95°F (annual);
5. number of hot days over 100 °F (annual);
6. total annual precipitation (inches);
7. total precipitation by month (inches; June through September as well as January);
8. 10-year intense precipitation event (inches/24hr);
9. 10-year intense precipitation event (inches/72hr)
10. 15-year intense precipitation event (inches/24hr) and 15-year intense precipitation event (inches/72hr);
11. vertical land movement (inches/yr);
12. sea level rise (feet); and
13. number of days with tidal flooding.
Using these variables, CREAT projected both a Baseline Climate Scenario and a Hotter, Drier Future Scenario. Under the Baseline Climate Scenario, threats were defined as: 
· For Drought (lower pond and groundwater levels): Periods of minimal precipitation in summer, combined with seasonal demand increases, will lead to lower pond and groundwater levels that water utilities rely on for water supplies. In addition, evaporation rates and water loss from vegetation will be higher due to increasing temperatures. These lower levels may make it difficult to meet water demands, especially in summer months, and may drop water levels below intake infrastructure.
· For Water Quality Degradation (saline intrusion into aquifers): no impacts under Baseline Climate Scenario, since low probability assigned to this threat.
The team defined these threats under the Hotter, Drier Future Scenario: 
· For Drought: Periods of minimal precipitation and extreme heat in summer, combined with seasonal demand increases driven by population increase and irrigation uses, will lead to lower surface and groundwater levels. In addition, evaporation rates and water loss from soil and vegetation will be higher due to increasing temperatures, further lowering the water table. Meeting demand is difficult to do in the summer. During extended periods of extreme heat and minimal precipitation, Gravelly Pond water levels decline below the level of intakes. Water quality also declines due to the disinfection challenges posed by increased temperature. Groundwater levels at the Lincoln Street Well also drop. It is unknown how long a period of high heat and low precipitation MBTS could endure and still meet current summer demand. Were Gravelly Pond levels to decline to the point that it is unusable, current demand could not be met. Were the Lincoln Street Well to become unusable, it would also create significant challenges in meeting demand.
· For Water Quality Degradation: Projected sea-level rise can lead to saltwater intrusion in both coastal groundwater aquifers and estuaries. This combination may reduce water quality and increase treatment costs for water treatment facilities. Were the source to become brackish, the Lincoln Street Well could not be used. This would pose significant challenges in meeting summer demand and would also compromise the ability of Gravelly Pond water levels to recover during the winter months, i.e., when the Well has been the primary water source for the MBTS system.
From the Executive Summary on potential consequences and strategies for adapting:
Using CREAT, MBTS was able to assess and monetize potential consequences from the identified climate threats across climate scenarios. [Including utility business impacts, utility equipment damage, environmental impacts and source/receiving water impacts.] The team explored and compared the consequences in consideration of either their current capabilities and strategies that address climate threats, identified as Existing Adaptive Measures, or possible investments and strategies that could be implemented to improve management of climate threats, identified as Potential Adaptive Measures.
Three Potential Adaptive Measures were built out into three Adaptation Plans intended to reduce the impact of the climate change threats and improve MBTS’s capacity to respond to or recover from climate change impacts. In addition to assessing a Current Measures Plan, MBTS assessed the following three Adaptation Plans:
1) Develop and Utilize Interconnections,
2) Develop a New Well, and
3) Increase Watershed Protection through land acquisition and/or expansion of the source water protection overlay.
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[image: ]The team assessed the potential monetized risk reduction that could be achieved by comparing consequence outcomes with Current Measures implemented and with each Adaptation Plan implemented. This CREAT assessment determined the cost for each Adaptation Plan, allowing the team to calculate the monetized risk reduction for each threat under a Baseline scenario and a Hotter, Drier Future scenario.


Initial CREAT assessment results suggest that implementing the potential adaptive measures could be cost-effective in terms of monetized risk reduction under future scenarios.
· In the baseline climate scenario, results suggest all three potential adaptive measures—utilizing interconnections with Beverly, developing/acquiring a new well, and increasing watershed protection—could provide moderate monetized risk reductions.
· In a more extreme heat and sea level rise climate scenario, results suggest both the new well and interconnections adaptive measures could significantly reduce monetized risk, but that the watershed protection measures alone may not provide significant benefit in addressing drought and saltwater intrusion under a Hotter, Drier future climate scenario. [emphasis added]
Future refinement or addition of assessment data to ensure that all consequences and benefits from implementing the Adaptation Plans are captured could enhance the value of assessment results in describing the cost-effectiveness and potential risk reduction.

The team utilizing CREAT discussed specific options for new drinking water sources developed by the WRPTF (in an early 2022 brainstorming session), including capped wells near Gravelly and Round Ponds, old wells near Cedar Swamp/Sawmill Brook, new locations for wells, sharing with neighboring towns, typing into MWRA/Quabbin, tapping into Gloucester, and private drinking wells. The team viewed these options as exploratory and they were not evaluated as potential adaptive measures in the CREAT assessment.


DETAILED FINDINGS – QUALITY AND CONTAMINANTS
Drinking water quality and contaminants was the focus of Working Team 4, consisting of Lynn Atkinson, Randi Augustine, Helen Bethell, Frances Caudill, Jessica Lamothe and Gordon Turner. They were tasked with evaluating contaminants that have changed since the 1990 Horsley-Witten report; investigating mitigation methods for identified contaminants; and strengthening protection from potential future contaminants that may arise due to climate change, additional development within the watershed and other factors.
The Working Team noted that as of June 2023 the Town of Manchester is fortunate to have a water supply that does NOT have contaminants in excess of any current state regulations for public drinking water.  However, newly announced changes for PFAs that will take effect in two years will change this quickly
From their Final Report:
Subteam Goals:
1.	Identify contaminants that have changed since the 1990 report 
2.	Look for potential contaminant sources
3.	Evaluate remediation options for identified contaminants
4.	Identify ways to prevent future contamination of our water supply
This document is structured to address each of these goals in the sequence presented above, with a focus on the two current water supply locations: the Lincoln Street well (LSW) in Manchester, MA, and Gravelly Pond (GP) in Hamilton, MA.
Water supply
To best understand current and potential threats to Manchester’s drinking water supply, it is helpful to have a geographical overview of the town water sources and their relationship to locations of potential contaminants. Figure 1 is an overview map of the town of Manchester’s water sources taken from the MassMapper website.  Three public drinking sources are labeled, and include the community sources (Gravelly Pond and Lincoln Street Well) as well as the non-community source for the Manchester Medical Building well. Gravelly Pond currently contributes roughly 60% of the town’s drinking water supply, with the LSW contributing the remaining 40%, although the timing and relative contributions of these sources can vary by day and season. Shown shaded around each source are the Zone I and II wellhead protection areas. A Zone I wellhead protection area is defined as a 100-400 foot radius around a wellhead, while Zone II wellhead protection areas are defined by the state after careful hydrologic study of the area of influence, assuming specified draw rates and pumping conditions.
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Figure 1. Overview of town water sources. Link to interactive version of this map.
Lincoln Street Well
[image: ]Figure 2 provides a closer look at the Lincoln Street well. The Zone I wellhead protection area is shown shaded blue as a 400 foot radius around the well head, while the overall aquifer that is likely to feed the water drawn from the well is shown in pink outline. The Zone II protection area is denoted by the larger purple outline. Also shown are dots indicating the location of underground storage tanks within the Zone II protection area labeled as “Bailey’s Service Station” and “Essex County Club” (although the Essex Country Club tanks were marked “closed” in 2017). Also worth noting within Zone I is the Hyland Field artificial turf field at the Manchester Essex Regional School District Middle-High School (MERHS), as well as numerous surface stormwater outflow points.
 
Figure 2. Lincoln Street Well Detail

Gravelly Pond
Figure 3 is a detailed map of the Gravelly Pond area showing both the pond and its surface water protection zones A and B, and the wellhead near Round Pond, which is used as an additional supply of water into Gravelly Pond. Zone I and II wellhead protection areas are labeled as in the LSW map in Figure 2, and town boundaries are also noted. The Zone II protection area for Round Pond well stretches north to Essex Street in Hamilton and south into Wenham along the Manchester/Wenham border. Also noted are several potential sources of contaminants: former landfills for Manchester and Hamilton, a Mass Highway site that has contaminant releases noted in the Massachusetts Department of Environmental Protection database, and the former Manchester Burn Dump. A second map is also provided in Figure 4 for a higher level of detail.
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Figure 3. Gravelly Pond Detail - 1, showing both surface water protection areas as well as groundwater protection zones for the Round Pond well used to supplement Gravelly Pond. Also shown are former landfill locations for Hamilton and Manchester with close proximity to the pond.
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Figure 4. Gravelly Pond Detail - 2, showing a more detailed view of Gravelly Pond and the Round Pond wells (Zone 1 wellhead protection areas shown as circles), as well as the close proximity of the closed Hamilton and Manchester landfills.
Terminology
The following is a note on the terminology used in this report, particularly the term “contaminant,” which may have negative connotations at first glance. For the purposes of this report and the work of our subteam, we are using the definition of contaminant taken from the US EPA’s website:
The Safe Drinking Water Act (SDWA) defines "contaminant" as any physical, chemical, biological or radiological substance or matter in water. Drinking water may reasonably be expected to contain at least small amounts of some contaminants. Some contaminants may be harmful if consumed at certain levels in drinking water. The presence of contaminants does not necessarily indicate that the water poses a health risk.
Important to note here is the last sentence (emphasis ours) which stresses that the presence of a chemical, physical or biological substance in water does not necessarily pose a health risk. The EPA and state agencies have established maximum concentration limits (MCLs) to help guide decisions about the safety of different contaminants measured in drinking water.
Common abbreviations used in this document are noted here for clarity.
	DEP	Massachusetts Department of Environmental Protection
DOT	Department of Transportation
DPW	Department of Public Works (Manchester)
EPA	Environmental Protection Agency
GP	Gravelly Pond
LSW	Lincoln Street Well
Mass	Massachusetts
MBTS	Manchester-by-the-Sea
MEEA	Massachusetts Energy and Environmental Affairs
MERSD	Manchester Essex Regional School District
MERHS	Manchester Essex Regional High School
MCL	Maximum Contaminant Level
PFAS	per- or polyfluoroalkyl substances
UST	underground storage tank
Changes since the 1990 Report
To assess which contaminants have changed since the 1990 Horsley Witten Hegemann report on water resource protection commissioned by the MBTS Selectmen in 1989, our subteam obtained data from the MEEA Data Portal  and conducted statistical analyses to assess which contaminants had changed significantly over the time of available records in the MEEA website (which for some contaminants dated back to about 1990).  
The full details of the analysis are found in Appendix A of this report, but the key finding is that none of the state-reported contaminants exceeded their respective maximum contaminant levels (MCL) at any time in the available data. While variation in the reported contaminant levels does occur over time, only one contaminant was noted to have a significant trend in any direction, and that was sodium in the LSW, which has been trending up since about 2010, as seen in Figure 5.
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Figure 5. Sodium levels in town drinking water by source
Sodium levels at the Lincoln Street Well (LSW) have risen dramatically over the past 20 years, from 30 mg/L reported in August of 2000 to 210 mg/L in September of 2021. While there is no maximum contaminant level (MCL) defined by the state, the US EPA and the Commonwealth of Massachusetts  have set a guidance level of 20 mg/L. This guidance is primarily to benefit individuals with high blood pressure or kidney disease who need to adhere to a sodium-restricted diet of less than 500 mg/day. They note that for the broader population, levels between 30-60 mg/L should not be noticeable by taste and are not likely to contribute more than 2.5% - 5% of an individual’s total dietary intake per day (assuming a target of 2.4 g/day and a 2L water intake).
Of interest is the sudden decrease in sodium noted in the Manchester Medical Well just before 2020 (shown in gray in Figure 5). Our subcommittee learned from the head of operations at Manchester Medical that this decrease was likely due to a switch in ice-melting road treatment from sodium to calcium-containing chemicals in 2018. As we discuss below, this may be a potential blueprint for the town to address high levels of sodium in the LSW.
PFAS (per- and polyfluoroalkyl substances) are also present in our town’s drinking water. PFAS levels have only recently been monitored so we do not know how their levels have changed since the 1990 report. In October 2020 Mass published an MCL of 20 ng/l (ppt) applicable to Community and non-transient non-Community systems for six specific PFAS (Manchester's supply is a Community System). It is the only regulatory standard in place presently for PFAS in drinking water. The federal (EPA) MCL is expected in the coming months and expectations are that the MCL will be lower than the current state standard of 20 ng/l (ppt). In June 2022 EPA issued a health advisory for PFAS that is lower than the state's MCL, but it is a health advisory and is a non-regulatory standard and not enforceable. Levels present in town drinking water are approaching the MCL of 20 ng/L for the Lincoln Street well, as shown in Figure 6.
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Figure 6. PFAS levels in town drinking water over time (dots colored by source location) as well as trend lines fit to the data for each source. A horizontal line for the 20 ng/L MCL is also shown in red. Many of the data points after April 2022 are duplicated due to split sample testing with results reported from two different state-approved laboratories.
Because PFAS6 levels measured at the LSW have been close to or at the state limit, monthly testing is mandated. Recent split samples sent to two different labs have returned divergent results, with one lab reporting levels close to the limit of 20 ng/L, and the other reporting levels of about half of those values. To date, tests at the Gravelly Pond water treatment plant have been below 10 ng/L, although tests of monitoring wells near our former town landfill, which is adjacent to Gravelly Pond, have returned values of >100 ng/L.
Potential sources of current and future contaminants
In this section we address potential sources of contaminants, with particular focus on the sodium and PFAS contaminants identified earlier in this document. It is important to note that this sub-team does not have data to support if any of the potential sources listed below are the cause of current contaminant issues (in the case of sodium and PFAS), but we address below the rationale for why these sites could potentially lead to elevated contaminant levels in our drinking water now or in the future. In addition, we present information that our sub-team has obtained through discussions with relevant parties such as the school district, DPW, and fire department.
Roadway runoff
Stormwater runoff that drains into surface waterways like Sawmill Brook can be a potential source of contaminants including petroleum byproducts from motor vehicles and sodium chloride used as part of winter ice melt treatments, as well as PFAS. Microplastic contamination is also a growing concern for surface waterways and fisheries, and a recent report found that microplastics from tire degradation and roadway marker paint are a common constituent of roadway dust. Given the large surface area of microparticles, they are efficient carriers of pollutants into the stormwater runoff (Pramanik et al., “Fate of Road-Dust Associated Microplastics and per- and Polyfluorinated Substances in Stormwater.”).  A 2012 study in the United States found that 100% of stormwater runoff samples tested contained measurable PFAS (Xiao, Simcik, and Gulliver, “Perfluoroalkyl Acids in Urban Stormwater Runoff.”), with some proportion due to the presence of PFAS in rainwater, and additional levels associated with particulate matter in the runoff. The levels of PFAS in runoff water depended on the proximity to industrial activity, but these studies highlight the potential for PFAS concentration near the LSW wellhead.
Figure 7 shows a map of the LSW Zone 1 wellhead protection area as well as an overlay showing the outflow of five different stormwater runoff systems into the Zone 1 area. To the north, a major line flows in, collecting water from both in front of and behind the MERHS school building, the Pleasant Street extension, the Rosedale Cemetery, School Street and Windemere Park areas. Below it are two smaller drainage systems servicing the MBTS water building and the road that provides access to the MERSD administrative offices. Finally, at the southernmost part of the Zone 1 protection area are two drains from either side of Lincoln Street. The DPW has recently relocated some of these outflows to downstream of Lincoln Street, but this part of the brook is still within Zone 2 of the LSW source.
Figure 8 shows a larger view of the region, extending to the upper part of Sawmill Brook near Mill Street, Route 128 and Atwater Avenue with a number of outflow points circled in red. There is also a significant amount of Route 128 runoff not shown on this map to the west of the region and adjacent to Cedar Swamp, which winds its way under route 128 and into Sawmill Brook. It can be appreciated that high concentrations of contaminants from this region do not have far to travel through Sawmill Brook before entering the Zone II and Zone 1 wellhead protection areas.
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Figure 7. Stormwater drainage map  showing 5 outflows within the Zone 1 wellhead protection area. 
Road salt is a potential source of sodium contamination in drinking water. Both the middle-high school property and the Memorial Elementary School buildings are sited within Zone 2 for the LSW. The school states that they review the order of conditions yearly with their maintenance contractor, and that calcium chloride is used on the parking lots and Blue Lightning (CMA, Calcium Magnesium Acetate) is used on the walkways. The MERSD does not use road salt that contains sodium. The road to the central office is in Zone 1 and they use more sand there. Figure 7 shows how much of the drainage from the school parking lots and roadway to the central office drain directly into the Zone 1 wellhead protection area.
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Figure 8. Upper Sawmill Brook stormwater drainage in LSW Zone 2 and Zone 3 protection areas (hatched), including annotation for the Sawmill Brook pond that was used for ECC supplemental water deliveries in 2022. Shown with 6 green circles are outflow pipes from route 128 and Atwater Avenue that drain into Sawmill Brook.
Hazardous Waste Sites (Known Releases of Oil and/or Hazardous Materials)
Since 1990, there have been 50 known releases to the environment of oil and/or hazardous materials in Manchester. A list of these release sites and their location can be found on the State’s EEA Data Portal. 
Two of these releases remain open and are still undergoing clean up. The two open releases are located at Manchester Harbor Public Boat Ramp and at 50 Brook Street (associated with the former 76 Summer Street gas station property and release site). The remaining 48 have achieved closure status and prior to closure were determined to no longer pose a significant risk to either human health or the environment for the release of contaminants reported at that time. It is important to note that there are some contaminants that were likely not evaluated at the time the releases were reported because in previous decades these contaminants were largely uncharacterized, and regulatory standards and testing parameters did not exist (i.e., PFAS). 
[image: ] 
Figure 9. EEA Data Portal: Map of Waste Sites and Reportable Releases, Town of Manchester. Only two sites (shown in red) are currently considered active.
Former landfills
In addition to the known release sites listed above, there are also two former landfills in close proximity to Gravelly Pond (Figure 4), as well as the former town burn dump which is located adjacent to a surface waterway that flows north towards Gravelly Pond (Figure 3). While it is not known if contaminants from the former landfills are reaching Gravelly Pond, studies by this task force in 2022 have suggested that there is groundwater flow from the former Hamilton landfill into Gravelly Pond, and monitoring wells near the Hamilton landfill have detected elevated levels of certain contaminants. The threat these sources of contaminants may pose to Gravelly Pond requires further study at this time.
Artificial turf playing fields
PFAS have been used to facilitate the release of plastic from the extruders that make artificial grass blades for turf carpets. PFAS have also been detected in artificial turf backing and in-fill materials (Ayman Naim, 2020, An investigation into PFAS in Artificial Turf around Stockholm). While more research is needed (Murphy M, Warner GR. “Health impacts of artificial turf: Toxicity studies, challenges, and future directions” Environ Pollut. 2022 Oct 1;310:119841; Zuccaro P, Thompson DC, de Boer J, Watterson A, Wang Q, Tang S, Shi X, Llompart M, Ratola N, Vasiliou V. “Artificial turf and crumb rubber infill: An international policy review concerning the current state of regulations” Environ Chall (Amst). 2022 Dec;9:100620), several investigations have shown that artificial grass carpets contain residual PFAS that may runoff the fields and enter surface or groundwater. PFAS have been detected from artificial turf fields and adjacent water bodies using direct tests for specific PFAS and measures of total fluorine. Total fluorine analysis can be used on solid materials and detects a broad range of PFAS substances, beyond the six PFAS substances that are commonly assayed.
PFAS have been detected in carpets made by Field Turf Corp, which is the company that supplied the two artificial turf fields currently in place at Hyland Field and Coach Field Field. Both fields are slated to be replaced soon with newer artificial turf field carpets that are certified to lack PFAS. In some cases, it has been shown that newer carpets still contain PFAS substances, but not those PFAS currently included in typical tests. The artificial turf industry is moving away from the original PFAS-containing materials, but caution should be used, with independent verification. Companies may switch from using a regulated PFAS to an unregulated PFAS alternative. In some cases, short-chain PFAS are substituted for the previously used longer-chain PFAS. A field recently installed in Portsmouth, NH by Turf Field was certified PFAS-free but tested positive for PVDF-HFP, a polymeric PFAS. While the sources of PFAS at the Lincoln Street well are not known, with Hyland Field located within the well’s Zone 1, it will be interesting to see if any changes occur over time in either the level of PFAS contamination or individual PFAS constituents after the turf fields are replaced. Forensic PFAS analysis is an emerging technology that can pinpoint specific sources of PFAS contamination. This technique could be used to help determine if the artificial turf field contributes to the PFAS in water from the Lincoln Street Well.
Firefighting foam
Legacy firefighting foam is a known source of PFAS. The Manchester Fire Department used these fire fighting foams in the past but due to expense they were used sparingly. According to Chief Cleary, the old record keeping systems are not complete and have not all been computerized, so there is no easy way to search past usage. 
Currently, legacy foam is likely still stored in Manchester Fire Department tanks, which poses a concern for future PFAS release. The Massachusetts DEP is continuing a foam buy-back program (the MassDEP Legacy Firefighting Foam Take‐Back Program) which started in 2018, ran out of funds, but is back up and running to provide safe disposal options. Alternative fluorine-free foams have become available, but their use and effectiveness are still being evaluated at the national level. No alternatives have yet been purchased by the Manchester Fire Department. The Chief also raised the concern about PFAS in firefighting coats and gear that, when washed, could be released into the sewer system. 
Lawn care
Many facets of lawn care can prove problematic for our water supply, whether it is the harmful pesticides and herbicides used on lawns or watering that can move pollutants to lower areas and into the groundwater. Excess watering also depletes groundwater and drinking supplies during drought periods.
Gravelly Pond is not at risk from lawn care contamination due to its wooded location distant from residential areas, but the Lincoln Street Well is more susceptible due to the number of homes in the area and the proximity of the Essex County Club golf course. The Essex County Club reports to the Planning Board annually with their landscape management, which includes the types and quantities of fertilizers used, etc. (link most recent report - have to find it). There appears to be no obvious PFAS-containing materials in their management program, but it is important to continually monitor this. Some pesticides have been found to contain PFAS as part of their “inert” ingredients or leached from their fluorinated high-density polyethylene (HDPE) containers. In 2022, the EPA acted to eliminate these sources from pesticides. Also, in 2022 the club trucked irrigation water from Middleton into a pond in Sawmill Brook (see Figure 9, below). The Town may want to consider requiring water deliveries be tested for PFAS or other contaminants in the future.
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Figure 10. Larger view of stormwater drainage near LSW Zone 1 and Zone 2 protection areas (hatched), including annotation for the Sawmill Brook pond that was used for ECC supplemental water deliveries in 2022.
Gas stations, underground storage tanks
Underground storage tanks (UST) for storage of petroleum or hazardous substances pose a threat to drinking water supplies if leaks occur. The US EPA maintains an interactive map and database of all USTs in the country, and Figure 10 shows the map for Manchester.
According to the EPA website, the Manchester Gas and Service Station at 96 Summer Street has had four single-walled tanks that were previously closed and  two double-walled USTs that are currently open and in use. Details are listed in Table I. Table II lists details of three fuel tanks that have been removed from the Essex County Club; there are currently no underground fuel tanks present on the property of the Essex County Club.
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Figure 11. Map of underground storage tanks from the US EPA UST Tracker showing active tanks from the Manchester Gas and Service Station in the Zone 2 wellhead protection area for the Lincoln Street Well. The tanks at Essex County Club were taken out of service in 2017.
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Because it is so important to detect petroleum leaks early to prevent contamination of groundwater, the EPA requires UST owners to use one of three categories for release detection: interstitial, internal, or external. These three categories include seven release detection methods. For tanks installed before April 2016, which include the two in service at the 96 Summer Street location, only monthly monitoring is required to detect leaks. For USTs installed after 2016, the requirement is for a secondary containment system with built-in interstitial leak detection. 
According to the Mass DEP website that also tracks USTs, both Manchester Service Station tanks utilize “Continuous Interstitial Monitoring,” and they also have automatic leak detection for the piping systems. In addition, the service station underwent a third-party inspection in February 2022 and was found to have no violations. The next third-party inspection is due in January 2025.
Saltwater inundation
Seaside towns also have the potential for sodium to enter groundwater through a process of saltwater inundation. Scott Horsley (Horsley and Witten) was consulted on this topic and after investigation, he reached the conclusion that the data indicate that sea-level rise is unlikely to be a cause of sodium in the Lincoln Street Well now or in the future.
Construction
The construction process is also a potential means for contaminants to enter our waterways and drinking water. This can come from various sources during the construction process including fill dirt used to prepare the site, polymer emulsions used for dust suppression during construction, as well as blasting chemicals used for removal of ledge. For this reason, environmentally sensitive sites like the school buildings in our Zone 1 wellhead protection area, and the upper School Street area adjacent to Cedar Swamp that has been targeted in the town’s strategic planning for greater economic development, are areas that should be closely considered for their environmental impacts.
Compost / wastewater sludge
Concerning news reports emerged in the summer of 2022 about an organic compost facility in Westminster, Massachusetts that is the likely source of significant PFAS contamination in the town, affecting roughly 200 properties.  The likely culprit was the facility’s use of wastewater sludge as a component of compost, a substance that has also been linked to significant farmland contamination in Maine.
Black Earth Compost operates in MBTS on upper School Street near Atwater Avenue and is in the process of moving their operations to the former MBTS landfill on upper Pine Street. Black Earth Compost regularly tests their compost for biological activity and contaminants and provides all of their testing reports on their website. Results include yearly PFAS and heavy metal testing.  Tests from 2022 showed non-detectable or low levels of all PFAS compounds regulated by the State of Massachusetts and the US EPA (Black Earth 2022 PFAs Test Results), and they explicitly do not accept wastewater sludge or other sources known to be high in PFAS like take-out food containers.
Remediation Options
It is difficult to remove many contaminants in the water supply once they are there, which is why the next section on prevention of future contamination is so important. Given that the town is facing the realities of rising levels of sodium in the LSW, and state and federal regulations of PFAS that may impact one or both water sources in the future, this section aims to summarize actions the town can take to address these and other contaminants in the water supply. 
Sodium is not easily removed from drinking water at scale, so remediation will likely involve identifying the sources of sodium and limiting their use in the surrounding environment. PFAS contaminants can be removed by activated carbon or other filtration, but at great cost to the town to build new infrastructure to house the filtration systems. It is important to note that filtering of PFAS does not necessarily address other contaminants, so thinking that we can “filter our way out” of all problems in the future is likely misguided.


Sodium (Lincoln Street Well)
· Continue monthly testing of the LSW for sodium to determine if there are seasonal contributions; however, the nature of groundwater recharge may not allow detection of monthly fluctuations based on proximate sodium influx.
· Explore road salt alternatives [“Road Salt 101/How it Works and Its Alternatives”]  for select town roads (Atwater Avenue, Mill Street, Lincoln Street) and both school properties.
· Petition the Commonwealth for a low-salt zone on Route 128 in our watershed.
PFAS (Lincoln Street Well and Gravelly Pond)
· Install appropriate filtration systems (activated carbon or other new emerging treatment options) at LSW and/or GP (if needed). 
· Keep current on governmental guidance and restrictions; monitor the condition of school artificial turf fields and maintenance efforts; stay aware of industry developments.
Landfill contaminants (Gravelly/Round Ponds)
· Fund additional studies of the Hamilton and Manchester landfills to assess potential threats posed by the observed groundwater flows from the closed landfills toward Gravelly Pond. Consider installation of monitoring wells between landfills and Gravelly Pond on town-owned land
Preventing Future Contaminants
MOST URGENT (where significant land-use changes have been proposed and are underway)
Development in the Gravelly Pond area of Hamilton
· Continue efforts to define the watershed and interrelationships among the ponds. 
· Discuss mutual watershed concerns with Essex officials.
· Explore Manchester’s legal rights as a landowner in Hamilton.
Road paving in Zone A of Gravelly Pond
· Seek local and state support in opposition, based on threat to water quality from increased traffic.
· Seek Town of Hamilton abandonment of Chebacco Road as a Town way through municipal water-supply land.
Newly Proposed Development Projects Under MEPA (Massachusetts Environmental Policy Act)
· Keep abreast of newly proposed development projects in Manchester and the neighboring towns of Hamilton, Beverly, Wenham and Essex that could negatively impact Manchester's water supply by subscribing to the MEPA Environmental Monitor and responding to solicitations for public comment.
· The Environmental Monitor is a biweekly publication that provides notice of new projects that have been submitted to the MEPA Office for review, other projects under review and public notices. The MEPA review process includes opportunities for public review of potential environmental impacts of projects for which certain actions by state agencies are required. State agencies must study the impacts of projects requiring state permitting, financial assistance of land disposition and to use all feasible methods to avoid, minimize and mitigate damage to the environment.
· Damage to the environment is defined as any destruction, damage or impairment, actual or probable, to any of the natural resources of the commonwealth and shall include but not be limited to air pollution, water pollution, improper sewage disposal, pesticide pollution, excessive noise, improper operation of dumping grounds, reduction of groundwater levels, impairment of water quality, increases in flooding or storm water flows, impairment and eutrophication of rivers, streams, flood plains, lakes, ponds, or other surface or subsurface water resources; destruction of seashores, dunes, marine resources, underwater archaeological resources, wetlands, open spaces, natural areas, parks, or historic districts or sites. Also included for consideration would be reasonably foreseeable climate change impacts, including additional greenhouse gas emissions, and effects, such as predicted sea level rise.
· To receive notice of new editions of the Environmental Monitor send a blank email to: subscribe-mepa_environmentalmonitor@listserv.state.ma.us
TIMELY (where significant land-use changes are likely in the near-term future)
Development in Zone 3 (LSW)
· Participate in Old Quarry Ltd negotiations re site development to ensure that construction and operation of the research facility will have minimum impact on water quantity and quality in the Lincoln Street Well.
· Seek to preserve the extensive woodlands on the property.
Development In Zone B (Gravelly Pond)
· Explore financial assistance for a conservation restriction on the Gordon College woodland through the Commonwealth’s watershed funding program.
· Seek discussions with College officials.
· Seek fundraising assistance from MECT.
· Consider all locations in Zone B where land-use changes are possible in the future (less urgent but essential)
Development in Zone 2 (LSW)
· Explore financial assistance for a conservation restriction on the Essex County Club golf course through the Commonwealth’s watershed funding program.
· Seek discussions with Club officials.
· Tighten restrictions on new construction in anticipation of a possible adverse Mass. Authority ruling re SLV.
· Seek to establish rapport with appropriate officials in Hamilton, Beverly, Gloucester, Essex, and Wenham toward enactment of watershed restrictions.


Expansion of aquifer protection districts
· Expansion of the existing watershed protection districts to include the groundwater contributions as delineated by Horsley et al.
Water importation into the LSW wellhead protection area
· Enact bylaw standards for water brought into the watershed from elsewhere; continue to require yearly reports to the Planning Board and Conservation Commission of types of fertilizers and pesticides used on Essex County Club grounds and Town cemeteries. 
Local regulations on compost facilities
· Enact local regulations on compost facilities to prevent situations like what occurred in Westminster, MA. Ban acceptance of wastewater sludge and other sources known to be high in PFAS. Work with Black Earth Compost to identify best practices and codify restrictions.
Firefighting foam
· Require disposal of existing PFAS-containing firefighting foam through state buy-back program, ban future use of PFAS-containing firefighting foam, and adopt PFAS-free alternatives.
Continued monitoring
· Continue annual trend analysis of state-regulated contaminant reporting to identify emerging threats.


DETAILED FINDINGS – AWARENESS & ENGAGEMENT
The primary task of Working Team 5 on Citizen Awareness & Engagement was to conduct an online survey on drinking water among Manchester citizens. The purpose of this survey was to gauge awareness of and knowledge about the various issues facing Manchester’s drinking water, including:
· Adequacy of drinking water supply, normally and during drought periods;
· Condition of our water mains;
· Usage by the average MBTS household;
· Summer usage, compared to winter usage;
· Water rates – what they are and how they compare to similar towns nearby;
· Use of household water filters;
· Prevalence of households taking steps to conserve drinking water.
Since the survey was run during March and April 2023, it was also possible to share the most important initial findings from the Task Force as “quick headlines” for survey respondents. Finally, the survey collected contact information for those willing to help the Task Force with follow-up questions.
People were invited to take this survey through the Town website, The Tide, Twitter and Facebook feeds, and The Cricket. Those clicking to the survey were screening for Manchester residency and age > 16 years. Respondents were offered one of three $25 Amazon gift certificates (funded privately) for completing the survey.
220 responses were received, of which 213 gave usable and complete answers to the survey questions. As far as could be determined, the sample is representative of Manchester citizens as a whole.
Findings from Citizens Survey
Overall, the survey reveals that citizens are not especially well-informed about the important issues concerning our drinking water, with one exception – a slim majority (53%) understand that our water mains are older (28%) or much older (25%) than similar towns nearby.  However, only a minority of citizens understand that:
· “Manchester does not have plenty of clean safe drinking water for the next 10 years at least.”
· Manchester needs to conserve drinking water during statewide droughts.
· The average Manchester household uses somewhat (28%) or much (14%) more water than similar towns nearby.
Other significant findings:
· Almost half (44%) of citizens aren’t sure where our water rates stands compared to similar towns nearby, while another 35% believe our rates are about on a par.
· Longer-term residents (>20 years in town) are significantly more optimistic than newer residents about Manchester having plenty of water and not needing to restrict usage during droughts.
· Almost all citizens (91%) believe they’re already conserving water indoors.
· 51% say they’re conserving outdoors.
· More than half (55%) have a basic filter for their drinking water – most of whom (36%) say they have an advanced filter (such as activated charcoal or reverse osmosis).
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In their open-ended, unprompted responses, people complained about sediment, silt, discoloration, bad odors and taste in their tap water (presumably why they are using home filters.)  Here are representative comments:
· “The taste directly from the tap is terrible. It is only drinkable by filtering.”
· “We live on Forster Rd. Are [sic] water pressure is very poor and the amount of silt we have in it is extraordinary. There is regularly not enough pressure to even take a shower. The silt impacts water and we have secondary filtering at point of drinking.”
· “On several occasions over the past year, our water has turned yellow-brown. It often tastes funny - we tell our children only to drink from our designated filtered water faucet. I am concerned about Manchester's water testing protocol for PFAS. It seems like we were using two testing companies, then stopped using the company that returned higher (bad) results. We're the results wrong, or were we worried about the fact that there is really no way we can fix the water contamination problem?”
· “It does not taste very good without significant filtering.”
· “I live in Manchester Housing property, therefore water usage is included (which is why I don't know the answers to most of the questions).  However, I only drink bottled water because I don't like the taste of Manchester water.  Everyone I know feels the same way!  I have never had this problem other places I have lived: Boston, Salem.”
· “At certain times of year (but inconsistently - I haven't been able to figure out a pattern) the water from our faucets smells terrible, like sulphur.  Water is our most valuable resource and I'd like to see our town take extreme measures to protect it, including regulating run off from yards and town fields into our water and sewers.”
· “Water was very dirty before we put in our new filtration system. Literally looked red like rust and could see particles. Even with our system in place it's still worrisome about what isn't filtered out if we were to drink straight from the faucet.”
· “Quality and taste has diminished over the years.”
· “The QUALITY of the water has degraded faster in the last few years than in the last few decades.”
[image: ]Last but certainly not least, 74% of citizens responding would like to improve their filtering at home and 66% would like to more to conserve drinking water.



Implications of Survey Findings
First and foremost, the survey results show that Manchester citizens have an appetite for conserving drinking water and for insuring it is healthy and pleasant-tasting.
Second, the results demonstrate a need for basic education about our drinking water supply, usage, quality and pricing. Improving the water bills (showing gallons rather than hundred cubic feet, providing usage history, comparing to neighborhood averages, e.g.), installing new digital meters with smartphone apps, conducting more public information sessions and offering specific water conservation advice will contribute to meeting this need.
Third, there is presently little evidence of alarm or outcry over PFAS and potentially other toxins in our drinking water.


DETAILED FINDINGS – TOWN RESPONSIBILITY, AUTHORITY & ACCOUNTABILITY
Working Team 6 on Town Responsibility, Authority and Accountability conducted a thorough review of existing conditions and found the following:
· Managing Water Demand with water rates:
Manchester has a tiered water rate structure based on the number of cubic feet of water used.  The lowest rate for the lowest water users. Now at $8.36/100 cubic feet for the first 900 cubic feet of water used.  The highest rate on the highest water users.  Now at 8.96/100 cubic feet of water over 39,000 cubic feet used.  There are six user categories based on the amount of water used. Rates are reviewed annually and recommendations made from the DPW to the BOS to establish the rate for each fiscal year.  Water and sewer bills are sent to homeowners on a quarterly basis.
· Managing Water Demand with conservation:
Conservation practices are not as common in MBTS as they are in surrounding cities and towns.  Many nearby communities are now in water restrictions.  MBTS has an adequate water supply at present in the LSW and the Gravelly and Round Pond Complex.
· Restrictions on water for outdoor uses:
Lawn irrigation and vehicle washing have been restricted in the past.  These kinds of conservation practices need to have the acceptance of the users as well as enforcement where required.  In 2016, the last big drought in MBTS, the BOS instituted watering restrictions, but many large volume users continued to use drinking water for their irrigation systems. The Board of Selectmen at that time received many letters and e mails basically saying – “as long as I can pay for the water, I am going to use it.”  Historically, the largest volumes are pumped in the summer due to the large number of irrigation systems in use around town.
· Management of our water supply by DPW:
The DPW manages all aspects of the town infrastructure and property replated to the water distribution system.  DPW also manages the collection of a wastewater, but that is not part of this discussion. The Town is fortunate to have Chuck Dam as DPW Director.  He is extremely knowledgeable in water systems and issues.  After many years of not putting enough money in the capital budget to fund capital improvements in the water system, the last 8 to 10 years have seen major improvements in this category of capital budgeting.
· Management of our water supply by BOS/Select Board:
This group acts as the Water and Sewer Commissioners.  They set the yearly rates for water and sewer as previously mentioned. The Board can issue use/conservation restrictions based on drought or conditions on the distribution system.  The Board also negotiates an agreement with the ECC for an easement of the town-owned land as part of the 6th and 7th holes of the ECC golf course.
· Management of our water supply by Board of Health:
The BOH holds ultimate responsibility to assure safe drinking water gets delivered to residences and locations where food and drink are served in town.  The BOH can also recommend adopting local water supply regulations to protect present and future water supply sites.  At the suggestion of Manchester-Essex Conservation Trust, the Task Force is reviewing and revising proposed regulations for the BOH to protect drinking water in the context of public health (see page 36 above).  BOH also administers Title 5 to prevent contamination of drinking water supplies from septic system and cesspools.  Now that the DEP has lifted the sewer consent order (by letter dated December 7, 2021), the use of the new sewer capacity limits is up to the town and BOH.  The letter lifting the consent order suggests using the additional capacity to tie into residences with problematic existing septic systems as well as growth and small commercial establishments.  The ultimate decision is under the jurisdiction of the BOH under Title 5 regulations. Finally, the BOH monitors the water quality at beaches and public bathing areas to assure these are safe from contamination and safe for swimming.
· Management of our water supply by Planning Board & ZBA:
PB receives yearly reports from the ECC on the actions taken by the Club on the town-owned land near the LSW and covered by the easement.  PB is also responsible for defining new water protection overlay districts and/or By-laws to protect present and future water supplies.  The current Zoning By-Law includes the Overlay District for Ground and Surface Water Protection, in Section 10.3.  With the research being done by Scott Horsley and other working groups, the town may need to expand this district as we learn more about the town’s water sources.
This Working Team also conducted research into how neighboring towns manage their drinking water supply and demand. Initially the Team reported:
· Neighboring cities and towns have varied water supplies, including groundwater supplies and/or wells. The Town of Hamilton has received a grant to investigate regionalization of water supplies with their neighboring towns and as well as the Salem-Beverly Water Board.
· Additional information can come from Senator Tarr’s North Shore Water Resiliency Task Force.  Chuck Dam and others from MBTS are representing MBTS.  The NSWRTF will report major differences between the cities and towns that are in the Ipswich River Watershed and those that are not.  (MBTS is not in the Ipswich River Watershed.)
· Currently the MBTS water supply is adequate for the existing residential and business customers. But one large build-out like the 40B project on Shingle Hill could consume much of our excess capacity and put us into more frequent water conservation emergencies.
· Adequate funding of water infrastructure for I & I detection and remediation, re-lining or replacing of water supply pipes and work to improve our water supply facilities is a high priority for Manchester.
Compared to 140 other Massachusetts communities in the MWRA Annual Survey, Manchester’s water rates are slightly above average:
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Locally, Manchester’s water rates are on a par with most neighboring communities and significantly lower than Topsfield or Essex (summer rates):
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In contrast, Manchester’s current sewer rates are in the top 10 among 140 Massachusetts towns and cities surveyed by MWRA: 
[image: ]
Through Working Team 6, the Task Force presented formal updates to the Select Board on:
· July 5, 2022 – first report on membership, organization and workplan
· January 17, 2023 – analysis of usage
· April 18, 2023 – preliminary recommendations
· May 10, 2023 – initial recommendations
· June 20, 2023 – final report of findings & recommendations

The most critical finding emerging from this Team’s work was the absolute necessity of institutionalizing the attention and accountability for long-term drinking water quality and quantity which the Task Force has applied for its 18-month duration.


appendices
“Recommended First Readings for Water Task Force Members”
Report of expenditures
Contracts with Horsley & Truslow
Truslow proposal for monitoring wells
Proposed BOH Regulations for Drinking Water Protection (drafted & sent to July/Aug 2022)
CREAT Report
Dewberry Report on Ipswich River Watershed Resiliency (June 2022) under Water Management Act grant
Horsley - “Gravelly Pond Source Water Protection Report”
Truslow – “Gravelly Pond Thermal Study”
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PROPOSED MBTS WATER RATES

Presented to Select Bd, June 5 2023

Rates by Tier (based on quarterly usage)

Tier 1(2023) | Tier 2 (2023) | Tier 3 (2023) Tier 4 (2023) Tier 5 (2023) | Tier 6 (2023)
CURRENT RATE in $/HCF $6.55 $6.66 $7.32 $7.95 $8.59 $9.23
CURRENT TIERS for CF/Q <900 cf <1700 cf <5700 cf <16,000 cf <39.000 cf | >39,000 cf
PROPOSED FOR FY 2024 New TIER 1 New TIER 2 New TIER 3 New TIER 4
FY '24 RATES in $/HCF $5.00 $8.00 $15.00 $20.00
FY '24 TIERS for CF/Q <1900 cf <4000 cf <16,000 cf >16,000 cf
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5. Board of Health — Cleanup of HWH p. 111 In part BOH approved new Regulations 12
Hazardous Materials and Wastes | BOH should adopt specific new Filed with Mass DEP 12-28-90

Regulations under MGL Ch 111 Enforcement inconsistent
6. Board of Health — Review HWH p. 120 No New Regs for BOH, including these Standards,
Standards for Wetlands, Subdivision | Adopt specific new Regulations to drafted with WRPTF assistance s of August
Zoning & Comprehensive Permit | protect public health and safety 2022. Under consideration by BOH and planned
Applications from risks posed by contamination to enact in stages as appropriate.

of surface water, ground water,

drinking water, wetlands, and soil.
7. Board of Health — Application of | HWH p. 127 In part BOH approved new Regulations 12-11-90
Fertilizers & Road Salt ‘Adopt specific new Regulations for Filed with Mass DEP 12-28-90

(i) application of fertilizers, Enforcement inconsistent

P s or fungicides on property

>2 acres and (i application and

storage of road salt within

Protection Zones.
8. Board of Health — Subsurface HWH p. 130 No- New Regs for BOH, including these revisions,
Disposal of sanitary Sewage Revise existing Regulations - require | Recommended | drafted with WRPTF assistance as of August

analyses and reporting for septic 2022. Under consideration by BOH and planned

systems within Zone 1 or Zone 2. to enact in stages as appropriate.
5. Wetlands Regulation - Natural | HWH p. 133 No ‘Sometimes included by Con Comm in Orders of
Vegetated Buffers Incorporate buffer strip Condition f

requirements in Wetlands Regs.
10, Wetlands Regulation - Surface | HWH p. 134 Yes Section 11.2 of the Wetlands Regulations covers
‘Water Discharges Prohibit direct discharge and Stormwater Management

minimize impervious surfaces.
11. Wetlands Regulations — HWH p. 135 No ‘Sometimes included by Con Comm in Orders of
Fertilizers, Pesticides and Fungicides | Restrict lawn areas proposed within Condition

buffer zones to sensitive water

resources.
12. Wetlands Regulations - Erosion | HWH p. 135 Yes Section 11.1 of the Wetlands Regulations covers

& Sedimentation Control

Con Comm should require BMP to
control erosion & sedimentation.

this.
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NON-REGULATORY RECOMMENDATIONS

RECOMMENDATION DESCRIPTION IMPLEMENTED? | COMMENTS
13. 76 Summer St—remove HWH p. 136 Yes
contaminants and remediate UST is within Zone Il of Lincoln
released product downgradient. | street well
14. Remove underground storage | HWH p. 136 Yes ‘Alltanks were removed when new schools were
tanks at Memorial and High Schools. | UST are within Zone | and Zone Il of built
Lincoln street well.
15 Surface run-off on | HWH p. 137 ONGOING | Lincoln Street run-off was addressed in 2018 by
town roads to protect the LSW. regrading and diversions. School parking lots
and sidewalks remain an issue.
16. Protect land within Zones|, I, Il | HWH p. 137 ONGOING | smaller parcels in the Western Woods have
(particularly the Essex County Club) | Pursue all steps possible to acquire been acquired, gifted or arger
and the watersheds of Gravelly and | conservations restrictions and/or parcels remain private and Gordon College
Round Ponds title to property (largest single owner) continues to seek
development opportunities.
17. Reduce and/or restrict sodium | HWH p. 137 ONGOING
chloride within the Water Resource | Address elevated levels in the LSW
Protection Districts by expanding reduced salt zones
within Zones Il and I
18. Develop an emergency response | HWH p. 138 ONGOING | The Town has a current ERP — could be reviewed
or contingency plan. Protect the water supply in the carefully and compared to best practices
event of contamination or loss.
19, Increase public awareness and | HWH p. 138 No- 2023 Citizens Survey revealed low awareness
knowledge. Build understanding of sensitivity Recommended | and knowledge, along with appetite to learn and
and vulnerability of water resources. change water habits.
20. Develop a comprehensive HWH p. 139 I No- 'WRPTF recommends monitoring wells between
groundwater monitoring program. | Provide an early warning systemto | Recommended | Gravelly Pond and Hamilton’s capped landil
protect the LW and Gravelly Pond.
21. Develop a water conservation | HWH p. 140 ONGOING - | UAW improving by updating infrastructure.
plan. Reduce total water consumption. Recommended | Highlighted need to reduce WWTP usage. No

Reduce UAW lost to leaky pipes.
Reduce other major water losses

ongoing conservation programs for users.
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22. Design and initiate ground water | HWH p. 142 No- "WRPTF recommends exploring renewal of
exploration program. Develop additional water supply Recommended | abandoned RP Well #2 (tubular wellfield), as an
sources within the Town alternative supply with lower PFAS
contamination and exposure.
23.The Town should work with the | HWH p. 143 No- WRPTF recommends stepping up collaboration
Town of Hamilton. Assess impacts to Gravelly Pond Recommended | with Hamilton and other neighbors, to the Select
from the Chebacco Road landfill, Board level.
Groundwater mapping indicates threats from
Hamilton’s landfill. Paving Chebacco Road also
poses immediate and longer-term threats
24. The B0S should ensure the HWH p. 143 No- WRPTF recommends creating Water Advisory
continuation of the Water In order to implement the Recommended | Board to oversee implementation of specific

Resources Protection Committee.

recommendations of this plan and
to address the issue of water
resource protection on an
aggressive and ongoing basis.

recommendations and to assist the Select Board
and DPW.
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Initial Findings (B 10 Years of Drinking Water Usage

These important conclusions are still true in 2022:

1.

2018: “Manchester residents on average tend to use more water per capita
than most other communities, and by a large margin.”

TRUE in 2022: We use far more drinking water per capita than any
neighboring town (50% more than the neighboringtown average).
We're among the Top 10 heaviest users of drinking water among 287
Massachusetts towns and cities. We’re also 20%+ above the State
standard maximum usage of 65 gallons per person per day.

* NOTE: our average per capita usage conceals an enormous range: 26 gallons per person per day
for the lightest 50% of accounts vs. 126 GPCPD for the heaviest 50% of accounts

In addition, our 25% “unaccountedfor drinking water” is about
twice the average of neighboring towns and far above the State’s
10% standard maximum. In this respect, we’re in the 15 worst
performing out of the 287 communities in the State.

Combining these two averages, Manchester stands out as using or
losing 75% more drinking water than neighboring towns’ average.
We rank 8th worst among 287 Massachusetts towns and cities.

Update 8-15-22
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      Initial Findings (1) – 10 Years of Drinking Water Usage These important conclusions are still true in 2022: 1. 2018: “Manchester residents on average tend to use more water per capita than most other communities, and by a large margin.” TRUE in 2022: We use far more drinking water per capita than any neighboring town (50% more than the neighboring - town average). We’re among the Top 10 heaviest users of drinking water among 287 Massachusetts towns and cities. We’re also 20%+ above the State standard maximum usage of 65 gallons per person per day. • NOTE: our average per capita usage conceals an enormous range: 26 gallons per person per day for the lightest 50% of accounts vs. 126 GPCPD for the heaviest 50% of accounts In addition, our 25% “unaccounted - for drinking water” is about twice the average of neighboring towns and far above the State’s 10% standard maximum. In this respect, we’re in the 15 worst - performing out of the 287 communities in the State. Combining these two averages, Manchester stands out as using or losing 75% more drinking water than neighboring towns’ average. We rank 8th worst among 287 Massachusetts towns and cities. WRPTF Update 8 - 15 - 22
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V 1. “Manchester residents on average tend to use
more water per capita than most other
communities, and by a large margin.”

Manchester Residents Use Significantly More Drinking Water

Gallons per capita per day.

Note: Manchester’s per capita usage puts us in the Top 10 out of 287 communities

Source: DPW Water Department database, US Census, State drinking water statistics
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1. “Manchester residents on average tend to
use more water per capita than most other
communities, and by a large margin.”

Manchester Residents Per Capita Drinking Water Usage

'
I
I
I
|
'
|
|
I
I
I
I
P L
N
Gallons per capita per day

Source: DPW Water Department database, US Census
NOTE: Average GPCPD is misieading, It's 26 GPCPD for bottom 50% of HH by usage vs. 125 for top 50%,
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Background - Our Drinking Water

Where Manchester's Drinking Water Goes - 2020
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1. “Manchester residents on aver:
use more water per capita than m
communities, and by a large marg

Manchester Residents Per Capita Drinking Water Usage

Sources: DPW Water Department database, Us Census
515 10 Vearsof rnking Water Ussge - WITAL FNDINGS)
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Our UAW is higher than most
towns or cities in Massachusetts

Manchester “Loses" Significantly More Drinking Water

(202025t
Statefstandard
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Note: Manchester’s UAW puts us 131" highest out of 287 communities in 2020




image15.png
How much drinking water is
“unaccounted for”?

Manchester - Finished Water Unaccounted For

'DPW in 2023 identifed largest portion of AW,
(approximately 10% offinished water in 2022)
. esulting from drinking water usage in WWTP
(due to non-functional recycled water system)
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Initial Findings (2) — 10 Years of Drinking Water Usage

These important conclusions are still true in 2022:

2. “Manchester’s water usage differs greatly from season to season,
with summer months sporting vastly larger water usage than winter
months, due to extensive use of finished water for irrigation.”

TRUE in 2022: We stand out in this respect as well. Our
summer dri g water usage is more than twice (2.12)
our winter usage. This “summer bump” is much greater
than in neighboring towns, where summer use averages
1.4-1.65 times more than winter use.
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1. “Manchester residents on average tend to
use more water per capita than most other
communities, and by a large margin.” v v

Effective Per Capita Drinking Water Consumption

[ acrorc
2 muawee
g

] w0

i

£

HE

Note: Manchester’s composite puts us 8™ worst out of 287 communities.
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V 2. “Manchester’s water usage differs greatly from
season to season, due to extensive use of finished
water [in summer months] for irrigation.”

Summer Usage Far Greater Than Winter Usage
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Manchester’s “summer bump” in water
usage far greater than neighboring towns

Ratio of summer to Winter Drinking Water Usage
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v 3. “Manchester’s water usage profile
shows a sharp variance among customers.”

Skewed Distribution of Usage by Residence—
With Enormous Differences in Annual Usage

o
“Top 50% (1000 residences) (averaging 123,000 gallons/yr)

%
%
ax Top 20% 400 residences) (averaging 212,000 gallons/yr)

o Top 10% (200 residences) (averaging 310,000 gallons/yr)

o
0%

o
Top 1% (20 residences) (averaging 860,000 gallons/yr)

0%

o

werr Updaon 1522




image21.png
Initial Findings (3) — 10 Years of Drinking Water Usage

These important conclusions are still true in 2022:

3. “Water usage profile shows a sharp variance among customers.
~11% of water customers account for 50% of all water usage.”
TRUE in 2022: Drinking water usage varies widely among
Manchester households. Our analysis of residential
usage over the past 10 years shows 16-17% of accounts
consuming 50% of the drinking water.

Put another way, the 50% of accounts using the least
drinking water use less than 20% of the total, averaging
26,000 gallons per year. In contrast, the other 50% of
accounts use over 80% of the total, averaging 123,000
gallons per year.

These ratios and averages are consistent year-to-year for
the past 10 years.
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Initial Findings (4) — 10 Years of Drinking Water Usage

Additional findings from initial 2022 analysis:

The “summer bump” is also significantly skewed by size
of account. The very biggest drinking water accounts use
4 times as much in summer. vs. the smallest 50% using
only 1.6 times.

Taking these two ical findings together enables us to
begin looking for where drinking water might be
significantly conserved in summer — and to begin
considering what steps might promote summer
conservation.
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56of Metered Residential Usage

v 3. “Manchester’s water usage profile
shows a sharp variance among customers.”

Skewed Distribution of Usage by Residence
With Enormous Differences in Annual Usage

Top 50% (1000 residences) (averaging 123,000 gallons/yr)

Top 20% (400 residences) (@212,000 gallons/yr

Top 10% (200 residences] (@310,000 gallons/yr)

BOTTOM 50% (1000 residences) (averaging 26,000 gallons/yr)

E Top 1% (20 residences] (@860,000 gallons/yr)
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Additional Finding for 2022:
Significant Skew in Summer/Winter Usage Ratios

Larger Residences Have Bigger % “Summer Bumps”
average 2013-2021)
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Summer
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@100,000 gpy

= 36M gal

(25%)

175 HH

(9%)

@300,000 gpy

= 52M gal

(35%)

Updated

11-30-22

Summer

1.25-2x

Winter

Summer

< 1.25 x Winter

6


image29.emf
SUMMER/

WINTER

344 HH 169 HH

150 HH

409 HH 83 HH 9 HH

719 HH 107 HH 16 HH

TOTAL ANNUAL DRINKING WATER USAGE

Summer

>2x

Winter

<75,000 gal/yr

75-150,000 gal/yr

>150,000 gal/yr

WHERE TO FOCUS TO CONSERVE DRINKING WATER?

1472 HH

(73%)

Winter

@16,000g

359 HH

(18%)

Winter

@34,000g

175 HH

(9%)

Winter

@54,000g

Summer

@

23,000g

Summer

@

67,000g

Summer

@

243,000g

Updated

11-30-22

Summer

1.25-2x

Winter

Summer

< 1.25 x Winter

8


image30.emf
SUMMER/

WINTER

344 HH 169 HH

150 HH

409 HH 83 HH 9 HH

719 HH 107 HH 16 HH

TOTAL ANNUAL DRINKING WATER USAGE

Summer

>2x

Winter

<75,000 gal/yr

75-150,000 gal/yr

>150,000 gal/yr

WHERE TO FOCUS TO CONSERVE DRINKING WATER?

1472 HH

(73%)

@30,000 gpy

= 58M gal

359 HH

(18%)

@100,000 gpy

= 36M gal

175 HH

(9%)

@300,000 gpy

= 52M gal

@$363/yr

=$535,000

@$860/yr

=$310,000

@$2385/yr

=$416,000

Updated

11-30-22

Summer

1.25-2x

Winter

Summer

< 1.25 x Winter

7


image31.emf
SUMMER/

WINTER

29

10

5

18

8

2

11

18

46

344 HH 169 HH

150 HH

409 HH 83 HH 9 HH

719 HH 107 HH 16 HH

TOTAL ANNUAL DRINKING WATER USAGE

Summer

>2x

Winter

Summer

1.25-2x

Winter

Summer

< 1.25 x Winter

<75,000 gal/yr >150,000 gal/yr

(# are

million

gallons

per year)

75-150,000 gal/yr

WHERE TO FOCUS TO CONSERVE DRINKING WATER?

Updated

11-30-22

Average 32,000

gallons per year

Average 107,000 gpy

Average 305,000 gpy

Average 43,000 gpy Average 95,000 gpy

Average 233,000 gpy

Average 41,000 gpy

Average 96,000 gpy

Average 279,000 gpy

11


image32.emf
SUMMER/

WINTER

344 HH 169 HH

150 HH

409 HH 83 HH 9 HH

719 HH 107 HH 16 HH

TOTAL ANNUAL DRINKING WATER USAGE

Summer

>2x

Winter

<75,000 gal/yr

75-150,000 gal/yr

>150,000 gal/yr

WHERE TO FOCUS TO CONSERVE DRINKING WATER?

1472 HH

(73%)

Winter

24M g

(53%)

359 HH

(18%)

Winter

12M g

(27%)

175 HH

(9%)

Winter

10M g

(21%)

Summer

34M g

(34%)

Summer

24M g

(24%)

Summer

43M g

(42%)

Updated

11-30-22

Summer

1.25-2x

Winter

Summer

< 1.25 x Winter

9


image33.emf
TOTAL ANNUAL DRINKING WATER USAGE

<75,000 gal/yr

Summer

>2x

Winter

SUMMER/

WINTER

Increase Tiers 4,5,6

Institute Surcharge Rate for Summer

75-150,000 gal/yr >150,000 gal/yr

HOW TO MOTIVATE PEOPLE TO CONSERVE DRINKING WATER?

Summer

1.25-2x

Winter

Summer

< 1.25 x Winter

ADD CONSERVATION PROGRAMS & 

INCENTIVES

13


image34.emf
SUMMER/

WINTER

14

15

11

7

SUMMER

39

WINTER, 

6

SUMMER

14

WINTE

R, 4

5

3

4

5

9

2

1

1

2

4

663 HH

• 62 summer

• 13 winter

501 HH

• 17 summer

• 11 winter

842 HH

• 22 summer

• 22 winter

TOTAL ANNUAL DRINKING WATER USAGE

Summer

>2x

Winter

<75,000 gal/yr >150,000 gal/yr

(# are million gallons per year)

75-150,000 gal/yr

WHERE TO FOCUS TO CONSERVE DRINKING WATER?

Summer

1.25-2x

Winter

Summer

< 1.25 x Winter

344 HH 169 HH

150 HH

409 HH 83 HH 9 HH

719 HH 107 HH 16 HH

Updated

11-30-22

12


image35.png
TAN
oNrepvel Pond




image36.png




image37.png




image38.png




image39.png
’ 2/
o
v D 2 ’
g 2P it T

=




image40.png
Gravelly

B Round Pond
Well - Average

Pumping

Gravelly

c Round Pond

Gravelly
Pond





image41.png
OPTION B Area Direct Precip |GW Recharge Runoff Total
(acres) (MGD) (MGD) (MGD) (MGD)

Sand & Gravel 168 0.31 0.01

Glacial Till 111 0.08 0.13

Wetlands 60

Surface of Ponds 94 0.18

Watershed 339 0.72





image42.png
underground storage tanks

above ground storage (hazardous)

bulk petroleum, fuel stations/terminals

wastewater treatment plants

livestock or domestic animals

animal manure uncovered

swimming, bathing, boating

sand and gravel excavation

uncovered storage of fertilizers

uncovered storage of de-icing materials

stockpiling of snow removed highways NaCl

junk and salvage operations

motor vehicle repair

cemeteries

landfills/solid waste combustion or handling facilities
impervious cover more than 15% or 2500 SF of any lot
commercial vehicle washing

wastewater discharges > 5 mg/liter (nitrate-nitrogen)
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WHAT’S

COVERED?

WHAT’S

PROTECTED?

HOW

PROTECTED?

HOW

ENFORCED?

Building “Significant

Developments”

•

Onsite septic > 2000 gpd

•

Earthwork > 350 yd3

•

New imperv> 2000 ft2

Building / Operating

SWWTP (“Small WWTP”)

•

Design flow > 10,000 gpd

“Protected Water Bodies”

•

All actual & potential sources of

potable water

•

Surface and Groundwaters

•

Aquifers

•

Named streams, marshes, ponds

Activity w/n 400 ft or 

200 days GW travel time 

or w/n GSWROPD (Zoning)

Env. Health Permit

•

Based on detailed scientific

Env. Health Impact Report,

including hydrogeologicals,

quantitative stdsfor impact,

bedrock disruption, drainage

of stormwater (all consistent

with existing Title 5 perf stds)

Earthwork Removal &

Restoration Plan

SWWTP Construction Permit

& Certificate of Compliance

Impact on current

and potential drinking

water sources from …

SWWTP Operations Permit

•

To be renewed annually

Fines for violating

•

$300/day, first 7 days

•

$1000/day thereafter

Stop Work Orders

•

Subject to fines of

$1000/day if violation

continues

MANCHESTER BOARD OF HEALTH

PROPOSED DRINKING WATER PROTECTION REGULATION

(high-level graphic overview)

Draft –6-30-22 version
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Table  4 .  MBTS   Potential Adaptive Measures and Associated  Annual  Costs  

POTENTIAL ADAPTIVE MEASURE  ASSOCIATED  ANNUAL  COST  

Interconnections    $700,000  -   $2,555,000  

New Well  $77,000  -   $772,000  

Watershed protection  $10,000  -   $114,000  
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  Table  5 .  MBTS   Adaptation Plans and Associated  Annual  Costs  

ADAPTATION PLAN  DEFINITION  ADAPTATION PLAN  ANNUAL   COST  

Current Measures  Existing adaptive measures.  $ 1,000,000  

Interconnections  Expand and utilize interconnections  with  City of   Beverly to purchase water  $700,000  -   $2,555,000  

New Well  Acquire a new well  $77,000  -   $772,000  

Watershed Protection  Expand watershed protection through  land acquisition and/or expansion of  source water  protection overlay  $10,000  -   $114,000  
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Table  6 . MBTS Adaptation Plans Consequences and Risk Reduction  

ADAPTATION  PLAN  BASELINE SCENARIO  HOTTER, DRIER FUTURE   CONDITIONS  

NAME  TOTAL  CONSEQUENCES  RISK  REDUCTION  TOTAL  CONSEQUENCES  RISK REDUCTION  

Current Measures  (No Change)    Annual  Cost:  $ 1,000,000  $2,719,065  -   $3,086,835  N/A  > $373,370,613  N/A  

Interconnections   Annual  Cost:  $700,000  -   $2,555,000  $0  -   $366,816  $2,657,361  -   $2,781,723  $93,287,581  -   $93,917,758  > $279,606,199  

New Well   Annual  Cost:  $77,000  -   $772,000  $0  -   $366,816  $2,657,361  -   $2,781,723  $25,828,817  -   $26,379,996  > $347,136,617  

Watershed  Pr otection   Annual  Cost:  $10,000  -   $114,000  $0  -   $366,816  $2,657,361  -   $2,781,723  > $366,907,741  > $6,224,187  
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image60.emf
Table I: Underground Storage Tanks at Manchester Gas and Service, 96 Summer Street  

Tank ID  Status  Capacity  Wall Type  Date  Installed  Date  Removed  Contents  

MA5491_1  Closed  8,000   5/27/1970  4/16/1993  Gasoline  

MA5491_2  Closed  6,000  Single  4/1/1970  10/13/1997  Gasoline  

MA5491_3  Closed  500  Single  4/1/1970  10/13/1997  Gasoline  

MA5491_4  Closed  10,000   5/27/1970  12/9/1998  Waste Oil  

MA5491_5  Open  8,000  Double  10/27/1997   Gasoline  

MA5491_6  Open  1,000  Double  10/27/1997   Gasoline  

  Table II: Underground Storage Tanks at Essex County Club, 155 School Street  

Tank ID  Status  Capacity  Wall Type  Date  Installed  Date  Removed  Contents  

MA5485_1  Closed  1,000   5/8/1972  4/2/1990  Gasoline  

MA5485_2  Closed  1,000  Double  5/1/1990  11/17/2017  Gasoline  

MA5485_3  Closed  3,000  Double  5/1/1990  11/17/2017  Diesel  
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Manchester’s current water price is slightly 

above average of 140 communities
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Manchester’s current sewage rates are in the 

top 10 among communities surveyed
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